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PREFACE. 



This Author of the following pages 
is aware that there already exist se* 
veral valuable books on Natural and 
Experimental Philosophy^ and he 
should not have presumed to add to 
their number except for the purpose 
of reducing so important a branch of 
knowledge ta the leyel of the busi- 
ness of schools. 



11 PREFACE* :* 

Every instructor of youth must be 
aware that mere disquisition is of no 
use in the art of teachings and that 
no science can be taught if the stu* 
dent does not work or perform ope- 
rations in it. 

A grown person might read all the 
books which exist relative to any 
Science, and yet remain totally igno- 
rant of its principles and be as un- 
able to apply them, or reason about 
them, if he did not patiently com- 
mit to memory its axioms, definitions^ 
and leading divisions, and if he did 
not apply these himself io the prac- 
tice of the science in which he is de- 
sirous to become a proficient. He 
who only reads about a science can be 
nothing more than a smatterer, while 
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lie who commits its terms and ele- 
mentary principles to memory and 
applies them by his own act to the 
various combinations of the science^ 
soon becomes a master of it. 

Such being the case with persom 
of mature age^ how is it to be ex- 
pected that young persons who sel- 
dom learn any thing by force of rea« 
soning^ and who acquire knowledge 
only by mechanical means^ should 
become proficients except by commit-* 
ting the elementary principles of a 
science to memory/ and exercising 
themselves in its practice ? 

In strict conformity with this feel- 
ing, the Grammar of Natural Philo- 
sophy has been compiled. All the 
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definitions and elementary principles 
have been written with a studied bre- 
vity so that they may be learnt by 
rote. With these have been inter- 
mixed such easy and familiar Experi- 
,mcnts and Illustrations as enable the 
young student to work in each sci- 
ence^ and at the same time render its 
principles intelligible to the lowest 
capacity. The exercises and ques- 
tions have been drawn up in such a 
manner as that in answering them the 
student may be forced to apply the 
several experiments^ and reflect on 
what he has previously committed 
to memory. The Glossary explains 
many things which could not be in- 
troduced agreeably to good method 
among the definitions. And finally 
the Plates tend to illustrate the experi- 
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inents^ and render unnecessary some of 
the apparatus which they represent. 

If the Author has not been equally 
happy in every department, he shall 
feel it a distinction to be honoured 
with the observations of intelligent 
Tutors^ and he shall thankfully avail 
himself in a future edition of every 
improvement which may be so sug- 
gested to him. 

He cannot let pass this* favourable 
opportunity to express his sense of 
the honour which ha^ been rendered 
to his humble endeavours in the two 
works which he has already submitted 
to the public. He alludes to his 
Class Books and his Exercises in 
Readings in both of which he la- 
boured diligently to give a popular 
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feature to useful knowledge^ and he 
has met with his reward in the un*- 
paralleled success of his books. The 
Letters of Approbation which he has 
received from the heads of public 
seminaries^ the almost universal Adop- 
tion of these works by intelligent 
teachers in every part of the world 
where the English language is taught> 
and the actual Sale of nearly Ten 
THOUSAND copies of each book with- 
in a year after its . publication^ are 
testimonies^ of which it has been the 
fate of few authors to boast. 

He hopes the present work will 
not diminish the reputation he has 
acquired ! 

DAYIO BLAIR, 

IstJngtoBy 
Aug. 1807, 
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OF 

NATURAL PHILOSOPHY. 



OP MATTER AND ITS PROPERTIES. 

1 •IVlATTER is the general name of every 
thing or substance that has lengthy breadin 
and thickness. 

2. The inherent properties of all matter 
are solidity^ divisibility, mobility^ 
and inertness. 

3. Solidity is the property which every 
body possesses of not permitting anj other 
substance to occupy the same place with it 
at the same time. 

inuatratfon 1. If a piece of wood or metal occupy 
a certain space^ before any thing else can take pos- 
•ession of that space, the wood or metal muit be re* 
moved. 

9. Water and even air have this property. 

Experiment 1. If some water be put into a tuba 
doied at one ead» and a piece of wood be inserted 
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thai fits the inside of the tube very accurately, it tviII 
l)e impossible by any force to get the wooden piston 
to the bottom of the tube, unless the water is taken 
away. 

2. The experiment may be made with air instead 
of water. 

CoroUart/, Therefore water, air, and all other 
fluids, are in a certain space equally solid with the 
hardest body, 

4. Dk'hihiUty is that properly of matter 
by which its parts may be separated from 
each other. Of this there can be no 

end. 

Illustratfonl, Since matter can never be ann' *iU. 
ated by division, so we can never imagine it t « be 
cut into such small particles, that any one of them 
shall not have an lipper and under surface, which 
may be separated if we have instruments fine enough 
for the purpose. 

$« It would also be absurd to say that the great- 
est mass has more halves, quarters, or thousandth 
parts,, than the smallest particle of matter. 

Ejcperlment 1. If a grain of gold be melted with 
a pound or 5760 grains of silver, and a single grain 
of the mast be dissolved in dilated nitric acid, the 
gold, which isonlv the 57 6 Ist part of a grain, will fall 
to the bottom and be visible. < 

S. A grain of gold may be baonmered by the 
gold-beaters to. such a degree of finepess, that thQ 
two millionth part of thegrain can be leen by t^Q 
naked eye. 

5.— In addition to these experiments we may 
Abserve that there are animalculas so froall, that 
inaay thousands of thorn takeki together are fmalloc 
liUMi the poiQt of a occdici 
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4. The particles of light are still more minute thia 
these, or we dare not open our ejres. 

Corollary. From all which it is evident, that mat- 
ter is aclualljr divisible to a d^ree much greater tbaa 
we can imagine \ and to which we can set no li- 
mils. 

5. Mobility is that property of matter 
by which it is capable of being moved frotu 
aue part of space to another. 

Iffuatration, It is found from experitnent and 
•ob^CTTation, that all matter is capable of being mov- 
ed if a sufiQcient force ^caa ho applied for the pur- 
<f>ose. 

6. Inertness, or inactivity, is that property 
of matter i>y which it would always con* 
tinue in the same state of rest or motion in 
which it is put, unless prevented by some 
^external force. 

IttusinUian 1 . It is eVident thslt matter, as a stoUey 
jcan never put itself in motion. 

?. Bodies in motion, as a bowl on the ground, or 

41 cannon ball passing through the aic, fall from motion 

to a slate of rest, either by the Iriction of the earlli; by 

the graTitjf or weight of the lK>dy, or by the resistance 

jof ibe air. 

Experiment 1. A marble shot from the fingers 
would run but a small distance on a carpet : its mo- 
iion would be continued much longer on a flat pave- 
Dient ; and longer still on fine smooth ice. Here the 
friction is greatest on the carpet, and least on the ive. 
Jlif>h£ firiction were quite remoTed, and thexesistance 

M % of 



4 A*TftACTION AND R)si>ULSlON. 

of the air also, the marble ohce put in motion would 
coiftinne in that state for ever. 

2. If a ball were fired from a eannon with a cer- 
tain velocity, and there were no resistance from 
the air, it would circulate round the earth per- 
petuRily, and never come to a state of rest. In this 
manner the moon goes round the earth, although she 
is as inactive as a stone. 

3. If a person werestanding in aboat at rest, and the 
boat be suddenly pushed from the shore, he will be in 
danger of falling backwards. And if the boat in 
swift motion be stopped before he is aware, he will 
fall forwards, becaiise his tendency will then be 
to continue in the same state of motion. 

4. This principle is applicable to the motion on 
horses or in carriages. ^ 



OF ATTRACTION AND REPULSION. 

7. By attraction is meanjt the tenden- 
cy that bodies have to approach each 
other. 

8. There are five kinds of attraction : viz. 
the attraction of cohtsio'n; of gravitation; of 
electricity ; of magnetism ; and chemical at« 
tractions. 

Q, The attraction of cohesion is that by 
vhich the small particles of matter are kept 
together. By this principle bodies pre<p 
serve their forms^ and art prevented from 
falling to pieces. . 
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lUustration. The attraction of cohesion takes 
place between bodies only when they are at very small 
distances from each other. 

Experiment 1. If two leaden bullets be scraped 
^ery clean, and squeezed together, they will adhere 
ao firmly as to require a considerable force to s^pa* 
rate them. 

i. If two globules of quicksilver be placed near 
«ach Other* they will run together and become one 
•large drop. 

I'D. Carfillary atlractioo is reckoaed -a 
species of cohesion. 

Experiment 1. If a small glass tube, open at both 
ends, 1>e dipt in water, the water will rise up in the tube 
iiigher than its level in the bason. The stualler tho 
"bore of tlie tube, the 'higber will the water rise. 

2. Take two pieces of glass five or six inches 
^uare, join aay tr.o of their sides, and sepa- 
rate the opposite sides witli a small piece of sticky 
so that the surfaces may form a small augfie ; then 
immerse them about an inch deep i^ a ba«on of co- 
loured water., and the water will rise between , tho 
^lasses^ and form a beautiful curve. 

3. A piece of sugar, or spunse, will draw 
up w^ater ur anj other fluid upon the same priu« 

' ciple. 

11. li rs> probaUy^ owing to the various 
•degrees of cohesion, that some bodies are 
' bard, and others soft ; that' some are in a 
'«oUd, others in a fluid state. 

J2. 1{£PUL3I0N isa foroeChat is supposed 

B 3 u 
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6 At'tilltJttON AN» REPULStOH. 

to extend to a small distance ronnd bodies, 
and prevent tbem from coming into actual . 
contact.. 

IS. Where the sphere of attraction ends^ 
a repulsive force begins. 

lUuitraiian. The repelling force of the particles of 
a fluid is but small, and therefore if a fluid be divided, 
it readily unites again. But, if a hard substance,, af 
glass, or sealing-wax, be broken, the parts cannot l>e 
made to adhere, unless thev are moistened in one in- 
stance, or melted in the other. 

Experiment 1. Water repels most bodies till they 
are wet. A small sewing-needle will swim on a bason 
of water. 

S. Drops of water win roll on the leaves of many 
T^etables without wetting them. 

S. If a ball of light wood be dipped in oil, and put 
into a pan of water, the water wul be repelled from 
th« weod^ and will form a channel round it. 

14. The attraction oi gravitation, ox gra'^ 
vity, is that force by vrhich distant belies 
lend toward one another. 

15. By gravity^ a stone dropped from a 
heisht^ rails to the surface of the earth ; and 
by It the heavenly bodies are retained in 
their orbits. 

16. The planets eravitaie towards the 
sun, and towards eacn others as well Its the 
sun towards Chenu 

17^ 
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17. By gravity^ all terrestrial bodies tend 
towards the centre of the earth. 

18. In all places equally distant from the 
centre of the earth, the force of gravity is 
equal. 

19- The force of gravity is less at the 
equator than it is at tlie poles, because the 
equatorial diameter, is 34 miles longer than, 
the polar diameter. 

£0. The force of gravity is greatest at 
the earth's surface, from whence k decreases 
upwards and downwards. 

€1. It decreases upwards as the square of 
the distance from the centre, and down- 
Wards simply as the distance. 

lOmtraiian. At dduble the distance from the centre 
^&ve the twrfkee^ the fbrce of gravity would he only 
fth of what it is at the tarfaoe> and at three times the 
^distance the force would he only otie-ninth. At the 
diitaace of half a setpi-diameter from the centre, the 
force would he only one-half wfrtit it is at thesmface : 
at one-thiid of the semi-diameter, the force Would be 
.one-thirds and io'<m. 
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OF MOTION. 

^2. Motion is a continiied and successive 
change of place. 

23. Nothing can be produced or destroyed 
"without motion^ and every thing that hap* 
pens depends upon it. 

3-^. We are chiefly concerned with tiro 
Jcinds of motion: K That by which an entire 
body is transferred from one pi ce to ano- 
ther. 2. The motion of the parts of bodies 
among themselves. 

Illustration. By the firU kind of itiotiony a heaTy 
1)ody falU to the surface of the earth ; a carriage 
movent aud a ship sails. It is by the second that 
plants and animals grow, and the composittonf aad 
decornposUions of bodies take place. 

Experiment 1. Take a decanter of dear water, and 
hold it in the riYs of the sun, and y«u will see how 
the fight particles cootained iu it are ia perpetual 
notion. 

2. Let the rays of the sun pass through a sfaall 
hole in a window shutter, and you will observe the 
particlefi, fluating in the atmosphere, are in con- 
stant motioDy of whose existence you were not before 
aware. 

25. Tliere are several things to be noticed 
with regard to motion: I. The force which 
impresses the motion. — 2, The quantity of 
matter iu the moving body. — J. 'Xii^ velo- 
city 
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city and direction of motion. — 4. The space 
passed over by the moving body. — 5. The 
time employed in^gbing over this space. 
And^ 6. The force with which it strikes ano- 
ther body that is^oppt>sed to it* 

26. Everybody^ by its inertness, resists all 
change of state ; therefore to put a body in 
motion, there must be sufficient caiJis^. 

27. The causes of motion ate Called mo- 
tive powers: these are the act?o'n of men 
and other animaU, wind^ water^ gravity^ 
the pressure of the atmosphere and steam. 

28. Tiie velocity of motion is estimated 
by the time employed in moving over a cer* 
tain space, or by the space passed over in a 
Certain time. The less thie time, and the 
j^reatei* the space moved ovier^ the greater 
IS the velocity. 

29* To ascertain the degree of velocity, 
the space run over mo^t be divided by the 
lime. 

Exmnpie 1.— > If a thip tail at the rate of 12 
taifes in aa hour, -or sixty minuteB, then the velocity 
u equal to one mile in five minutes. 

9.— If two persons set out together on a journey, 
and one walk S4 miles, and the other walk 5 miles 
iui hour, the velocity o( the lattes will he double that 
o( the former. . 

30. To measure the space run over, the 
velpcily mast be multiplied by the time. 
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Iflustr/ttton. It is evident that if eiUierthe velocity 
or the time be increased, the space run over will like- 
^tie be increased. 

Example. If the Telocity be doubled, then the 
body will move over twice the space in the same time : 
if the time be twice as great, then the space wTll be 
iluubled : bat If the velocity and time be both doubledf 
then will the space bis four timtss as great. 

31. A body in tuotioD must every instant 
lend to some particular point* 

3^. It may tend always to the same poi^t, 
in which cuot; the motion will be in a straight 
line. 

S3. It may be continually changing the 
point to which its motion is directed ; and 
this will produce a curvilinear motion. 

31. If a body is acted upon only by one 
force, or by several forces in the sameclirec- 
lion, its motion will be in the same direction 
i» which the moving force acts. 

, Exampte. The tnotion of a boat, which a man^ 
at a givea place» draws to him with a rope, tt of this 
kind. 

T 

35. If two or more forces, differently di« 
rected, act upon the same body at the same 
' lime, ks it cannot obey them all, it wjll 
move in a direction somewhere between 
ihem# I'his is called the composition and 
resolutiorr of motion. 

# 

lUustraifon. Suppose a body A f Plate 1, fi^. 4 > 
i» J)e acted upon by another body in the dia'cliun \ 

^0 
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B, while at the same lime it is impelled in tic (Tirectioa 
A C, then it will move in. the direction A D. If tlie 
lines A B, and A ^I , be made in proportion to the 
foice», and Uie lines C D, and D B, be drawn pa*> 
rallel to them, so as to complete the parallelogram » 
then the line which the body A will describe, will be 
in the dinj^onal A D, and the length of this line will 
represcut the force with which the body will mote. 

Example \ . There are many mstances in nature, 
of motion prodoced by several powers actin£^ at 
the same time. A ship driven by the wiifd aiidtide 
is one t so also is a paper kite acted u|M>n by the wind 
ia one direction, and by the strin^^ in another. 

9. A ball fired from a cannon is acted upon 
by two forces, the one is that occasioned by, the 
powder, the other is the force of gravity. 

36. JcceleraUd motion, h that in which 
the velocity is continually increasing. 

37. Umformlif acceleraifd motion, is that 
in which the velocity increases equally ia 
equal times. 

Example 1. The increasing velocity with which 
a body falls to the earth, is an mstanee of accelerated 
motion, which is caused by Xhe constant action of 
- gravity. 

■ 2. The cannon ball is acted on by a single im- 
pulse of the powder, and the accelerating force of 
gravity, it therefore desrriUes a curve. This is th(f 
tbuudation of the art of gunnery- 

38. Motion is said to be retarded^ if it^ 
velocity contioualiy decreases ; and to be> 
Vfiiformfy retarded, if iU velocity decrease, 
equally in equal times. 
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S9* The velocities of falling bodies *are 
in proportion to the spaces run over. 

40. The felocitieSy and also the spaces 
passed over by falling bodies, in each in* 
slant, increase as the odd numbers 1^ $, 5, 
7,9, &c. 

lUuttratian. The space described bv a body fallinff 
from A» fig. 2 in the time escpressed bj A B, with 
an uniformly accelerated velocity, r e preae n ted by the 
lines D £, of vhich the last d^ree is expressed by B 
Cy will be represented by the area of the triangle A B 
C. I f gravity cea^ to act, the space passed over in 
the next portion of time B F, would be measured by 
B F, multiplied into the velocity B C, that is. by the 
rectangle B C G F, which is equal to twice the triangle 
ABC. But if gravity still acts, then the triangle C G 
H, must he added ; of course the body moves over three 
times the space in the second instaat tliat it did in tlie 
first. The next portion of tune it would oomve over 
&^e tiroes the space represented by the two rectangles 
and triangle, and in the fourth portion of time, seven 
timef , and so on in arithmetical progression. 

C#r0//«|fy. It follows that tne whoU spac? di(. 
scribed, is as the square of the time; that is* in twice tlie 
tjme.it will fjEiU through four times the spacei io thrioe 
tne time* nine times the space, &c. See the figure* 

£simpk. in the first instant there is one space 
run throuch tal the end of the second, there are four i 
a4 Ih^ ead of the third* nine, and so on. 

4U It is found by experimenti that i^ bo- 
Ay falling from a neight, moves at the rate 
of about l6 feet in the first second of time ; 
in the next 46, in the third 80, in the 

fourth 1 12 feet^ and so on. 

Carol- 
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Iltusiralion. The whole space will be as 1 G : 16 

4- 48, or 64 equal to 16 X 4, or the square of 2 : 

1^^48-}-80y orl44equalto 16 X 9, orthcsquare 

of 3 : 16 + 48 4- 80 + 112, or S56 equal to 16 

X 1 6, or the square of 4 -. and so on. 

4€. The /brce with which a body moves^ 
or which it would exert upon another body 
opposed to it, is always in proportion to the 
velocity niuitiplied by its weight. 

43* This force is called the momentum of 
the body, 

* 

Iffwiratftm. If two equal bodies more with different 
Telocities, tficjf forces or momenta are in proportion 
to their Telocities. t 

Experiment l.-^lf two equal cannon balls be pro- 
jected, b; different quantities of powder, so that the 
Teiodtj of the one is double that of the other, theq 
the force or moroentum of the former will be double 
tbat of the other. 

2. — ^If two stones, one of two pounds and the other 
^•ix pounds be burled with equal Telocities,the' force 
or moipcntnni of the Utter will be three timea greater 
than that ot the former. 

CproZ/^vrsr.-— In all caset the nomenta of bodies 
most he XLS the quantities of matter moltiplied intotbe 
lefocttics. 



« 

• 



14 OF CENTRAL WOUCWk^ &C. 



CENTRAL FORCE?, AND THE CENTRE OJ 

GRAVlXy. 

4.4. Ail motion produced upon a body, by 
one force only, must bain a right line. 

VoroVarjf. Therefore a body moving in a curri- 
linear direction mwst be acted np<m by two forces 
at least: aad 'when one of these cease to act, the 
bc*dy will moTe a^fain in a straight line. 

FiXprrimmt, A sTone in a sling is moTed round 
by the hand, ^vhileit is piiJied towards thccentupof 
the circle wliich it descritics by the stnng. But 
\fbcn the string is let luose, the stone fijes offiua 
langeut to the circle. 

45. Ev<>ry body moved in a circle tends to 
fly oi^'from the centre; this, is called the 
centrifw^al force, 

4O. That force by which bodies are drawn 
towH: js a centre, and which makes theuj re- 
volve iu a circk, is called the cenLripclal 
force, 

47. The centrifugal and ceni.ripetal 
forces are denotninaled central forces 

48. The centre of gravity of a body is 
that point about which ail iis parts do in 
any situation exactly balance each other, 

49. If a body be suspended or supported 
by the centre of gravity, it will rest in any 
position into which it is put. .. - - 

^0. 



or CEMIl.iI.^FORCESj &c, 15 

iO. Whatever supports .the centre of 
gravilv>befti;s the weight of ihe whole body, 
theie tore the whole weight of r body may 
be considered as centered in this point. 

51 • Tbe eommon centre of gravity of 
two pr more bodies, is the point upon which 
they would restrin any position* 

: lUuitrathn» M tlie centres of gravity of two bo- 
dies. A, B» ^%> 3. be coonected by the right liue AB, 
ihe distances AC, and BC» from ue cotniuon centre 
of sravity, C, are iaveiveiy as the weight of the 
bodies A and B; that Ls the point C will be as much 
fuoaier to A fbaa to B, as A is- heavier than B i 
that is, AC : BC :: B ; A. 

ElxperimenU Suppose A io be a ball of 1 2 pounds, 
and B to weigh only 4 pounds, and the length AC to 
f»e five inches : then BC will be 15 inches : for it will 
be 5 : BC :: 4 \ 12, or 4 4. BC ;= 6 -^ 12 = 60, 
andBC=:V=*5. 

5^* If a line be drawn from the centre of 
l^ravityof a body perpendicular to the ho- 
rizon/ it is called tbe tine of direclioh, be- 
cause ft t« the line that the ceiitre of gravity 
would describe tf the body w«re suffered to 

fall. 

63. While the line of direction foils with- 
in the base Uf^on w4iich the body s(andijt| 
the body cannot fall ; but if it fall without 
the base^ the body will tumble. 

Ithatrathn* The inclining body ADCD^ fig. 4. 
whose c^aUe of gravity is £, stands firmly, bccauso 

c 2 tha 
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Die line ofdirection El? falls Withm the base. But if 
the body AB6H be placed upon it, the centre of 
gravity will be raised to L^ and then the line of dkec'* 
Eton Lb will fail out of the base ; of course the ceatie 
of g^ravity is not supported, and the whole must fall. 

Corottaty. This shews the folly of rislDg* up 
in a coach or boat in dan^ oi oversetting, which 
raises the centre of gravity, and perhaps throws 
the line of direction out of the base. Whereas m 
iucha situation the propel course is to slip to the 
bottom, which brings the line of direction, and con- 
seqoently the centre of gravity » farther within the 
base, and diiiiinithe§ the danger. 

54* The broader the base, and the near- 
er the line of direction is to the centre of 
it^ the more firmly does a body stand. 

55. The narrower the base of a body, and 
the nearer the line of direction is to the 
side of it^ the more easily is it overthrown, 

CorolUnnf* Hence a sphere is easily rolled upon a 
horizontal plane ; and a narrow-pointed body is with 
difficulty made to stand. 

5^* If a plane be inclined on which a 
heavy body is placed, the body will slide 
down upon the plane while the line o.f di- 
rection falls within the base ; but it will 
slip or roll down^ when tliat hne falls 
without the base. 

Illustration. The body E, fig. 5. faavhig the line 
of direction £a within the base, will only slide down s 
but the line of direction Ba of the body B falling 
out of the base, that body rolls doWn the plane. 
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Extunple 1. When *ae line of direction falls within 
the base of our feet, we stand ; and most firmly, when 
ft is in the middle^ but when it is out of the base, we 
fall. 

9. Rope-dancers are able to perform their feats 
hv knowing how exactly to keep the common centi» 
of^ravity^ of themselves and their pole,just wilii'm 
Ihe base. 

3. We ^pply this principle in the common actions 
of life : thu« we bend our body forward when we 
rise from a chair, or go np stairs ; — a man leans for* 
ward when he carries a burthen on hi^i back ; and to 
the right ur lefl as he carries it on the opposite 
side. 



OF THE MECHANICAL POWERS. 

4'?. The mechanical powers, are simple 
engines, that enable wen to raise heavy 
-weights, move heavy bodies, and overconie 
-resistances, which they could not do with 
'their natural Mrength alone. 

59>. Every machine is composed of one 
or niore of the mechatiiciil powers. 
• 6f). Three things are always to be consi- 
-dered in treating of mechanical engines: 1, 
The weight ^o be raised ; 2, the poxv^r by 
vbicb It is to be r^iised; and^ S, the ittslru- 
nuHt by which this is tor be effected. 

iiO^ Theie arssix qiecbauical powers : viz. 

C 3 -^Xj^si 
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the lever '^ the pulley \ the wheel KnA mis'^ 

the inclined plane ; Ihe wedge ; and the 

screw. 

^ 6 J . The power of a machine is calculated 

when it is in a state of equilibrium^ that is, 

when the pon^fr just balances the resistance 

of the weight. 



OF THE LEVER. 

62. The lever is a bar of iron or wood, 
supported on and moveable round a prop 
called a fulcrum. 

63. There are three kinds of levers, distin« 
guished according to the different situati** 
ons of the fulcrum, and the power with re- 
spect to each other. 

. 64. In all kinds of levers, the power is tp 
the weight, as the distance of the weight 
•from the fulcrum, is to that of the pow^r 
from the fulcrum. 

66. The lever of the first kind, is when 
the fulcrum is placed between . .the weight'' 
and the moving power, as in :%..6., . . ^ 

Illustration. If it lie required to raise the itohe A» 
wbicfa wftifiibs |.00d poutidii, by the strength of a.maa 
e^ual to lOO^ouiidf.^ghtf ^; lever C^E^whicShfeitr 
mi ibe prop fi, is placed with obc cad under the tibnrt 

and 
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and the man presses it down at the other end C. As 
the mnn^s stren«rth is only equal to the tenth part of 
the wetf^ht of the stone, the arm of the lerer B C 
mnst he ten times as lon^ as the arm B £, in order 
that the power and the weight may balnnee each other. 
Experiment 1. A balance is a le^er of the first kind 
with equal arms. See fi^. 7. 

2. The steel-yard, fi^. 8, is also the first kind of 
lever with a moveable weight. 

3. A poker in the act of stirring the fire, is a le^ 
ver of this kind i the bar of the grate upon which it 
rests, is the fulcrum % the coals, the weight to be over* 
come, and the hand is the power. 

4. To this kind of lever may he referred scissars, 
pincers, snuffers, &c. which are made of two levers, 

acting contrary to each other. The fulcrum, in 
these cases, being the pin which keeps them together. 

66. The lever of ths first kind is chiefly 
used for loosening large stones; or to raise 
great weights to small heights^ in order to 
get the ropes under them. 

67. The second kind of lever, is when the 
fqlcrum is at one end, the power at the other, 
and the weight between them: see fig. 9, 
where A is the fulcrum, B the weight, and 
C the power. 

Ilhairaiian. The Advantage gained by this lever 
is at great as the distance of the power from the ful- 
cro'ro^ exceeds tbe distance of Ine weight from it: 
thus if the hand at C be nine times as far from A as 
the point X on which tht* weight acts* then tli« force 
of one poniid at C, will balance the weight B 6i 9lb. 

£:fpirime7d i. This liiad of lever sbewf the reason 
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why two men carry inc^ a burthen^ as a cask» spon ft 
pole, may bear unequal shares, according to their 
ttrrngth,by placing it nearer to the one than the others 
see fi^. 10. Here the weight W is. three times nearer 
to a than to b, of course a would bear three times at 
much weight as b. 

2. This is applicable to the ease of two horses of 
un«qua) strength, inhere the beam may be so dividedi, 
that the horses shall draw in proportion to their res- 
pective ability. 

S, To this kind of lever may bereferrcd oars, rudders 
of ships, doors turning on hinges, cutting knives whicli 
are fixed at one end. 

68. A lever of the third kitid, is'when the 
prop is at one end, the weight at the other> 
and the power applied hetween them. Here^ 
the ppvypr must exceed the weight, in the^ 
»ame proportion as the distance of ihe weight 
from the prop, exceeds the distance of the 
power. 

. Illmlration, 1x4 F fig. 11, be the prop or fiilenimv 
P the power and W Uie weight ; if the distance PF, be- 
only tnree inches, and W F be 1 2, then for the hand 
P to balance the nei^':ht of '20 lb. will require a force 
of 4 times 20, or 60 lb. be<*ause the weight is at; four 
times the distance IVom the fulcrum that the power is. 

Experiment 1. A lH<Ider« which is to be raised by 
the strength of a man's arras,represents a leter of thi4 
kind, wlKce the fuhHrum is that end which is ftx«d 
against the wall, or upon which another man stands % 
the weight may be considered as at the top part of 
the laddel", and the power,* is the strengfh applied to 
the rearing of it. "■ 

'i. Th6 wheals in cIcKk aod witrh work, tcay 

be 
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be reckoned leten of this kind, because the power 
thai moves them, acts near the centre of motion, hf 
a pinion^ and the resistance it has to overcome acts 
agaiBSl the teeth at t lie cirettmferenee, 

3. The bonea of a man's arm ; and the G^reatesfe 
number of the moveable bones of animals, are levers 
of the third kind. To take the arm, Plate II. ^z- ^S* 
as an instance, I), the elbow, is the centre of motion, 
the power is the muscle inserted at C, about one tenth 
part as far below the clbou as thcf hand is, ind A is 
the wei«;ht to be raised ; the muscle mu»t accordingly 
exert a power equal to ouc hundred pounds, to raise 
a wei|^t of ten pounds. 

« Corollary. Hence in natural levers the power is 
^sadvantageously sitwited, owing to the power bein^ 
so near the centre of motion, but the loss of power is 
compensated D^ the beauty and compactness of the 
limb. 

GQ. Wjbat is called a hammer*Iever dif« 
fers in nothing but its form from a lever of 
the first kind. 

Illu9lration, 1,ct A C B , fi«^. 1 5. represent a lerer of 
this kind bended at C, which is the fulcrnra . P is the 
powcir acting upon the longer arm A C, by means of 
the cord A 1/ going over the pulley D ; and the weight 
W acts upon the shorter arin C B of the lever. As A 
C is five tiralss as Ibiig as C B, a weight of five pounds 
at P will balance 25 pounds at W. 

Experiment 1 . If the shaft of a hammer is six times 
as long as the iron part that draws the nail, the lower 
part C resting on the board X as a fulcrum, then by 
pulling at A, a maft will draw a nail with one sixth 
uart of the power that he must use to pull it out 
with a pair of pincers : in the latter case the nail 
trould move as fast as the hand, but in the former^ 
the hand would move o^r six times as much s^ace 
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as the naii during the time of drawing it out of thv 
wood. 

Corottary* In all the mechanical powen it. will be 
found, that the adTantase gained i« in proportion i# 
tlie space passed over by toe moving power. 



OF THE WHEEL AND AXIS. 

70. The wheel and axis, though made ia 
many forms^ consists of a cylinder, and a 
wheel fastened to it, as in fig. 14. or of • 
cylinder, with projecting spokes thai answer 
the same purpose as awheel, as in fig. 15. 

71. The advantage gained, is in propor-* 
tion as the circumference of the wheel is 
greater than that of the axis : or as the dia- 
meter of the wheel is greater than the diii- 

meterof the axis. 

lUuttraiion. If the diameter of the wheel fig. 1 4^ 
or the Ieni;th of the spokes fig. 1 5, be four feet» anJ 
tlie diameter of the axis only 8 inches, then the power 
Ip. of one hundred pounds, or the strength of a maa 
applied to the spokes S equivalent to a buwed pounds » 
will balance a weight W of six hundred pounds. 

In this case, as m the Icver» the power will travel 
over six times as much "space at the weight, when 
the machine is put in motion. 

Examjile 1. To this engine, craaci of all kinds for 
raising heavy weights, may be referred. 

9. Sometimes the axis is turned by m wkiciLfasN* 
tened to it> which serves for s^ vii^ceU aotl the power 

gaioai 
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gsiiied it in {iroportion as the winch is larger than the 
mis. 

3, A capstan in a cylinder of wood, with holes 
in it, into these bars are put to tnm it round. The 
^Hkn are made to act something like the spokes fig. 15, 



OF THE PULLEY. 

1^ ITS. The pulley is a small wheel turning 
fnn an axis with a rope passing over it. «eef 
fig. ](i. . 

-. 73. The small wheel x is called a sheeve, 
Tind is so fixed to a block a, as to be move* 
able round a pin passing through the centre. 

74. Pulleys are either^jc rf, or moveable. 

7^. The fixed pulley gives no mechanical 
advantage, bat is used only to change the 
direction of a power. By it a man may 
raise a weight to any height, without mov- 
ing from .the place in which he is, as a stone 
to the top of a building, otherwise he must 
ascend with the weight. 

7fi. The movable pulley represented by 
r, fig. K).. is fi.%ed to the weight, and rises 
and falls with it, and the advantage gained, 
hy it is as^Jlo \ ; that is> a i)ower exerted by 
flte hat\d h of 10 lbs. will balance a weight 
W of '10 lbs. 

Ilfus- ration, "^he reason o? \V\» \i«iVv5«oN.^ \w\cw 
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raising the wci<rbt one inch, foot, or yard, both sides 
of the rope must he shortened as much, that is, the 
hand h must move tbrous:h two inches, feet, or yards, 
which shews, as before, that tlie space through which 
the power moves, must be always in proportion to the 
advantage gained. 

77. When the upper fixed block z, fig. ]j, 
contains two pulleys, which only turn on 
their axis, and the lower moveable block x 
contains also two, which turn, and rise with 
the. weight \V, the advantage gained is as 

four to one. 

JUufttration, For each pulley in flu* lower block 
will be acted upon by an equal part of tl^; weight, and 
«ince in each pullcv that moves with the wei^rht, a 
double increase of power is gained, therefore the ad- 
vantage gained is tafonr to one. 

78. In general, the advantage gained by 
pulleys is found by multiplying the number 
of pullies in the lower block by 2. 

J^xampfe 1. A weight W of 72 lb. may be balanced 
with a let of pullies, having fo'Tin the lower block,by a 
power of nine potmds, because 72 clividcd by ft gives 9 ( 
but in this case the power when put in motion, wiij 
Hn<r. over 8 times as much spuce as the weight ; that 
)s, to raise the weight one foot, the baud must move 
over eight feet. 

79.. A pair of blocks with a rope Is called 
;^ tackle. 
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OF THE INCLINED PLANE. 

SO. This mechanical power is merely a 
plane surface inclined to the horizon , and is 
used to raise weights from one level to ano* 
ther. Fig. 20. k 

81. It is often made by placing boards, 
or earth, in a sloping direction, and is of 
great importance in roiling up heavy bodies, 
as casks, wheel-barrows heavy laden, 8cc. 

82. The force with which a body descends 
upon an inclined plane, is to the force by 
which it would descend perpendicularly in 
free space, as the height of the plane is to 
its length. 

IUu9tratUn. If the plane A B, fis. 1 8. be parallel 
to the horizon* the cylinder C will be at rest on any 
part of it where it is laid. 

If the plane be placed perpendicularly m A B, fi^. 

1 9. the cylinder will descend with its whole weighty 
and would require a power equal to its weight to keep 
it from defccndin^. 

If the plane be inclined to the horizon as A D, ii<|% 

20. and tnrce times the length of the perpendicular I) 
B, the cylinder E will be supported by a power equal 
to a third part of its weight. 

88. The advantage gained by this mecha- 
nical power is in proportion as the length 
of the plane exceeds the -^pet^^x^^v^v^ax 
height. 
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Example, If the plane be 20 feet )on^, and the peiv 
pendicular height be 4 feet, then 50O lbs. would be 
balanced upon it by 100 lbs. because the plane is five 
times the length of the perpendicular height to which 
the weight is to be raised. 

S3. To the inclined plane may be reduced 

hatchets, chissels, and other edged ^oolsj 

which are sloped only on one^side* 



OF THE WEDGE. 

85. The wedge may be considered as 
two equally inclined planes united at their 
uases. 

86. The advantage gained is in proportion 
as the length of the two sides of the wedgie 
is greater than the back, or as the length of 
one side is greater than half th^ back. 

lUwiraUon, The wedge abed x maj be divided 
into two inclined plan(», av c zxi and 6 v dz Xf 
which may be used separately and will gain advantage 
as such, and therefore when united at z x, the advan* 
tage gained will be in the sanae proportion, at when 
they were used in different parts. 

87. When the wood cleaves at a distance 
before tlie wedge, the advantage s;alned is 
]Q proportion as one side of the (JeEt is gieat- 

^r iiiaa half the ieogtb of the back, . 
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88. The wedge is a very iqaportant me- 
clianical power, used to splii rocks/ dec* 
which could not be effected by any of the 
other uiechaDical powers. 

89* All instruments, as many sorts of 
chusels that are chamfered on both sides^ 
are to be refi^rred to the principle of the 
wedge* -"• * 



OF THE SCREW, 

go. The screw is never used without the 
applicaiLon of a lever or winch to assist in 
turning it» and then it becomes a compound 
engine of very great force^ either in pressing 
bodies closer together^ or in raising great 
weights. 

91. The screw may be conceived to be 
made^ by cutting a piece of paper into tlie, 
form of an inclined plane^ and then wrap- 
jping it round a cylinder. The edge of the 
paper will form a spiralline round the cylin- 
der^ which will answerto the tlxiead of the 
screw. . 

9£. The advantage gained by this mecha- 
nical power, is in proportion ^vXjcv^ ^\xw»«^- 
fj^rencc of the circle, m^!& \>n, >icv^^^^^^ ^?: 
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winch^ IS greater than the threads distance 
of tht screw. 

lUustration, * It is eTident that th« ^inch or lever 
mtist turn the cylinder mice round, before the weight, 
or the resistance can be moved from one spiral wind- 
ing to another^ as from « to z* see Plate 111. ^ft. S3, 

Example, If the distance of the spirals 2 x is half an 
inch, and the leverA thrt e feet, or 36 inches Iong,thea 
the circle described by the lever will be about 298 in* 
ches, or 456 half inches, consequently a force at the 
end of the lever, equal to only one pound, would ba- 
lance a resistance of 456 pounds. 

Corolla rj^, >{eiice it appears,that the longer the winch 
or lever, and the nearer the spirals, the more advan- 
tage is gained. 

i)3. A screw may be moved upward or 
downward in a fixed nut^ as in 6g. 22. or 
the not may move on the screw> as in fig. 23. 

i)4. Almost alt kind of presses, common 
eork-screws, Sec. act upon the principle of 
this mechanical power. 

U5. When a screw acts in a wheel, it is 
called an endless screw. 

96. In the application of the mechanical 
powers, one third must be allowed to over- 
come the friction, and other obstacles, to 
which alt machines are liable. 

^xfff»fp/(;.Tf 60lbs.are required to balance any weight, 
with a mechaiiical power, 80 lbs. will be wanted to 
|iut tbe machine in motion. 

S^Z in a)) machines, what is gained in 
jpoHCTM Joeliu lime. 
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Example, If a man can raise bj a single fixed puUcT 
a beam, to the top of a house in two minutes, he will 
be able to raise six such beam» in 12 minutes: but 
with a tackle, haying three lower pullics, he will raise 
six beams with the same ease at once » but he will be 
six times as long about, it, that is 12 imoutcs, because 
bis hand will have six times as much space to past 
over. 

98* One capital advantage in the me- 
chamcal powers is, that if the six beams 
were in one piece, it might be raised by a 
tackle, though it would be Impossible t6 move 
it by the unassistedMrength of a single man. 

99* Another advantage is, that by ma- 
chines we can give a more convenient direc- 
tion to the moving power, and apply its 
action at some distance from the body t« 
be moved. 



OF THE MOVING POWERS. 

100. The principal moving powers are: 
iSrst, the strength of animals, chiefly that 
of men and horses; second! v, the force of 
running waters and of wind; thirdly, the 
force of steam ; fourthly, the force of spjrings; 
fifthly, the weight of heavy bodies. 

101. The simple weWlw, ^* ^>^^x^^ ^^ 

D 3 ^^^' 
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ciochs, jacks^ and other machines^ is the 
power which can be most easily applied as 
a first mover^ and its action also is most 
uniform. 

102. As this power requires to he renewed" 
after a certain period^ it is mostly used for 
slow movements. . 

10^. The spring is a useful moving power, 
but, like the weight, it requires to he wound 
up after a certaih time, wlience it is also 
chiefly used for slow movements. 

104. The spring differs from the weight 
in one remarkable respect, which is, that its* 
action is never uniform, being strongest 
when most bent; but theie ^re methods of 
rectifying this defect. 

Example. Tims the spring of a vatch is madeto^iod 
on a conical piece of metal, which assists the action of 
the spring nvhen it is waatcNL 

105.. The steam of boiling water is a most 
owerful agent, and recent improvements 
]uyee3ktended the application of it from the 
smallest to the most powerful engines. 

106. The force of running water, end* 
that of wind, are very advantageoas movers 
»f many engifiea, such as pumps, mills, &c;- 

107. Running water is preferable to wind; ~ 
as a mover of macbinei^ on account of iu 
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108. As lo the natural strength of living 
aninaaU^ it may be remarked^ tiiat a uifln of 
ordinQry strength is reckoned capable of 
doing about one Bftb part as much work as 
a horse« 



OF PENDULUMS. 

109. A pendi^loin is a heavy body hang- 
ing by a small stringy wire, &c* which is 
moveable round a centre. 

1 10. Each swing that a pendiihim makes 
is called a vibration or oscillation. 

U I. All the vibrations of ihe same pen- 
dulum, whether great or small^ ar6 per- 
formed in equal times. 

i 12. The longer a pendulum, the slower 
are its vibrations. 

113. A pendulum that vibrates in this 
country in a second time, or, as it is said, 
that Vibrates seconds, is a little more thau 
ihirty-ninc incl.es long. 

1.14. A pendulum that vibratos seconds 
at the e<|uator must be somewhat shorter 
than at the poles. 

2 Id. A pendulum to vibratf^ half secondf 
«j1I be only one- iouvtb V^^^ ^^\siv.^^&^^^^ 
that vibrates seconds. 
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116. A pendulum to vibrate once in (wo 
seconds only, must be four times as long as 
that which vibrates seconds. 

117* The lengths of pendulums are to 
one another as the squares of the number of 
vibrations. 

Example. It is foundby experiment that a pendulum 
which iribrates 60 times in a minute 18 39-13 inches 
nearly^ therefore to find how lon^ pendulums must > 
he that vibrate 30, 50, and 120 times is a mmute, 
we say, as 

inchet, inches. 

SO* ! 60* :: 39.13 : 156.52 

50» : 60 :: 39.13 : 56.34 

ISO* : 60> :: 39.13 i 9.78 

lis. As heat expands, and cold contracts 
all metals, a pendulum rod is longer in 
warm weather than in cold, which is a 
chief cause of irregularity in clock?. 



HYDROSTATICS, OR THE LAWS OF 

FLUIDS. 

1 19. A fluid is^^a body the parts of which 

yield to any impression^ and are easily' 

iiioved among each other. 

JOO. FJuids are either non-elastic and in- 

c<Hopressib}ej as water, o\\, metcw^ , ^cl. c* 
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elastic and compressible^ as air, and the dif- 
ferent :jji8e«. 

121. The science of hydrostatics treats 
of the mechanical properties of non-elastic 
fluids, particularly of water. 

122. Fluids are subject to the same laws 
of gravity with solids, but their want of 
<;ohei»ion occasions some peculiarities. 

ISS.The parts of a solid are so connected 
as to form a whole, and their effort is con- 
centrated in a single point called the centre 
of gravity : but the parts of a fluid gravitate 
independently of each other, 

20,4. Fluids press not only like 8oIid9/ 
perpendicularly, but also, upwards, side- 
ways, and in every direction equally. 

Experiment. Take a ^lass tube open at both ends 
put a cork in one end, and immerse the other in water. 
The fluid \f ill not rise far in the tube, but ttie nio • 
meat the cork is taken out it will ri^elo a lerel with 
the surrounding water: which shews the pressure 
upwards. 

125. A fluid kept in an open ves«^e! will 
assume a fint surface parallel to the horizoa, 
and will remain at rest. 

Experiment. If a vessel, ^g, 24. consist of pipes 
variously inclined, communicating wi;h each other at 
B, and open at the top, water poured into any one of 
them will rise to the same level in all. 

12(). The pressure of lV\e %^\x\e ^\i\^ \^\^ 
proportion to the perpervd\evj\^x Vwex^"^ 
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and is excrled in every direction, so that all 
the parts, at the same depth, press each other 
with equal force in every direction. 

Experiment J. Ifa bladder full of sir be imniersed 
in water, then tlie perpendicular pressure is maotfestf 
for the deeper the bladder is immersed, the more will 
its. bulk be contracted. 

2. An empty bottle bein^ corked, and by meaoi 
of a werg^ht, let down a certain depth into the sea, 
if will be broken, or the^cork will be driven into it 
by the perpendicular pressure. But b bottle filled with- 
water, wine, &c. may be let down to any depth, with*> 
out damage, because in this case the iaternai pressure 
is equal to the external. 

3. It is evident that the quantities of water in 
Ihedifferent pipes, fig. 24. whatever be their size, press 
equally against each other, for if the water besuddenlj 
taken out of the pipes /?, s, or f*, the surface of the 
water will instantly descend to a lower levd in all the 
other pipes. 

1£7. The horizontal bottom of a vessel 
sustains the pressure of a column of the fluid, 
the base of which is the bottom of the vessel, 
and the perpendicular height is equal to the 
depth of the fluid. 

Experiment 1. In the vessel A ft, fig. 25. the bof- 
tom C Bdoesi not sustain a pressure equal to the quanti 
dty ofthc^ whole flui4, but only of a column whose 
hsiie is C is, and height C E. 

2. In the vessel F. G, fig. 26, thebottora sustaiiw 
a pressure equal to what it would be if the vessel 
were as wide at the top as bottom. 

Je8. The pressure of ^ RuVA v^oa any 
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given part of the bottom or sides of a vessel, 
is equal to the weight of a column of that 
fluid, having a base equal to that part of the 
bottom or side, and an altitude equal to the 
pferpendicular height of the fluid above it. 

Cor, Heace may be calculated the pressure upon» 
and the strength required lor damsy cisterns, pipes,&c. 

1^9* The hjftlTostatical paradox is this : 
that any quantity of fluid, however small, 
may be made to counterpoise any quantiry, 
iiowever iarge. 

EccftetimenU If to the wide vessel A B, fig. 27. H 
tube C D be attached, and ifater be pourwi into either 
t>f them, it will stand at the same heij^ht in both ; dt* 
course the small quantity ia C D baknces the large 
Quantity in A B. . 

ISO. The upper presfsui^ of fluids is shewn 
1by the hydrosUtical, bellows. 

lihutraiiom. This machine consists of two oval 

.Jioards, 16 inches^ in length, and about l\ in width, 

covered T?ith leather,, to rise and fall like the coramou 

bellows,, but without valves. A pipe three feet long 

'« fixed in the top board. Let a little water run into 

he belipwi to separate the hoards, then weights to the 

niQuut of two or three hundred pounds may be put 

1 the Mpper board; after which, if the pipe be supplied 

ith water,, it will, by its upper preNure, sustain and 

X up the weights, 
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OF SPECIFIC GRAVITIES- 

13!. By the specific graviiies of bodies, 
is meant the relative weights which equal 
bulks of different bodies have to each other. 

13£. It is usual to com pare the weight 
ofboJies with that of watei, as it is by weigh- 
iug them in water that their specihc gravi- 
ties are found. 

13.S. A body immersed in a fluid will sink 
to the bottom^ if it be heavier than its bulk 
of the fluid. 

]d4. If it be suspended in it^ it will lose 
as much of what it weighed in air^ as its 
bulk, of the fluid weighs. ' 

135. All bodies of equal bulks, which 
would sink in fluids^ lose equal weights when 
suspended therein ; and unequal bodies lose 
in proportion to their bulks. 

]:i6. If the same body be succe(»siveTy 
placed in fluids ofdiflfereat specific gravities. 
It wTfi displace difierent quantities of those 
fluids, m consequence of its sinking deeper, 
in the lighter than in the heavier fluid. 

1:j7. It the weight of the body be equal 

to that of the same bulk of the fluid, then 

the body will remain at rest in any part of 

that fluid below the surface. 

JS8, If a body heavier than an equal 

i^o/A' of a certain fluid, be pWed o\\ the 

^urfmce of that fluid, it vfWY ivaV viVi^x W^ 
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excess of weight, by which the weight 
the body exceeds the weight of an eqi 
balk of the fluid. 

141 . Th^ hydrostatic balance, used forfin 
ing the specific gravities of bodies^ difie. 
but little from the common balance^ see fig 
. 28; only it has a hook at the bottom of on\ 
of the scales, on which different substancei 
that are to be examined may be hung by 
borse-hairs^ so as to be immersed in a vessel 
of water without wetting the scale. 

If a body r, fig. 38* suspended under the scale, be 
' first counterpoi%d in air by weights in the opposite 
scale, and then immersed in water, the equihbrium 
-will be destroyed ; then if a weight be put into the 
jKale ffom which the body hangs to restore the equi- 
librium, that weight will be equal to the weight of 
water as large as the iraroecsed body. 

1- . .142. The specific gravities of all bodies 
that sink in water, may be found ; first b^ 
weighing the body in air, then in water, and 
dividing the weight in air by the loss in water. 

^Example, A guinea weighs 1 29 grains in air, by 

leing weighed in water it loses 7^ grams, which shews 

haA a quantity of water of equal bulk with the guinea 

reighs 7i grains, divide 129 by 7^, or 7-25, and th« 

\iotient will be 17.795, which proves the guinea to 

) 17.793 time^ a^ heavy as its bulk of water. 

14.*?. The instrument used for comparing 
\ specific gravities of liquids^ is called the 
irometer. 
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HYDRAULICS. 

144. The science of Hydraulics teaches 
how to estimate the swiftness and force of 
fluids in motion. 

i4.'>. Upon the principles of this science 
machines worked by water are construct* 
ed : — engines/ mills, pumps, and fountains, 
are the result oFthe knowledge of hydraulics. 

J 46. Fluids, by their pressure, may be 
conveyed over hills and valleys, in bended 

f>ipes, to any height not greater than the 
ievel of ihe spring from whence they flow. 

147* Upon this principle fountains are 
formed : for if, near the bottom of any ves- 
sel, a small pipe bending upwards be fastened, 
the water will spout out through the pipe, 
and rise nearly as high as the surface of the 
water in the vessel. 

148. TUe common Pump, improperly cal- 
led the sucking- pump, consists of a pipe 
open at both ends, in which is a moveable 
piston that fits the bore exactly. 

Illustration, Tif;. 39 is the representation of a 
comroon pump t A D is called the barrel which con* 
tains the piston 1 B D the suction-pipe. At the junc- 
tion of {Jiese two parts there is a Axed valve D open- 
ing upwards. The mode of operation is as follows : 
the part B is fixed in water, and the piston C is to be 
close down upon the valve D. In drawing up the piston 
//Yf/o DloCh vacuum is formed in that part, conse- 
iWGot'y the air in the rest of the p\pc vfVUiwce its way 
through the ra/ve D, and fill Uxe ^jrtvi\vvc]t\^«A\i««QL 
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eihaustecl» but it will be rarer than before, and not 
being equivalent to the pressure of the atmosphere 
upon the water in which the pump is (mmerseci, the 
water will be forced up into the suction-pipe as far at 
j^» until the air within be as dense as before. Upoa 
depressing the piston a second time, the same effect ii 
produced, till at length the water itself forces its wa^ 
into the barrel. When the piston now descends, it 
IS forced through the water, which cannot repass 
through D,it must therefore get above the piston Iff 
passing through its valve G, and when it is next raised, 
all the water above it will be lifted up, and will rua 
off by the pipe £. 

149. The forcing Pump consists of abarrel^ 
a plunger^ and two fixed valves^ that should 
be air tight^ and so disposed^ as to let the 
water freely rise^ but absolutely to hinder 
its return. 

lUustralion. In fig. SO, A B is the barrel, C a solid 
piston or forcer, at D is one valve opening upwards, 
the other is in the branching nipe S. When the for* 
cer is first moved upwards in tne barrel, the air below 
will be rarefied and tne water rise up in B : by repeated 
strokes of the piston the water will be brought up be- 
tween the fixed valves D and S. It cannot descend by 
D, but must make its way through the upper valve at 
S, which shuts the moment the water has passed. V 
is a strong air vessel closed at the top by a small pipe T 
that reaches nearly to the bottom. The water is for- 
ced along the rising pipe S, gets into the vessel, and 
rises above the lower part of the pipe T. The air 
which is above the water in the vessel being confined, 
and condensed into a smaller than its natural space* 
presses by its elasticity upon the surface of the water 
and forces it up the pipe T it a c<o\i\!vcrak!ei^ ito^:»^« 
This is the principle of the eagVo!^ iox t^^jCvoL^^^^^^^^^^^ 
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150. The water in a sucking-pump is rais- 
ed from the well bj the pressure of the at- 
mosphere ; and it can be raised only about 
33 feet, because the weight of a column of 
the whole atmosphere is equal only to an 
equal column of water 33 feet high. 

151 . The forcing pump is unlimited in re- 
gard to the height to which it can raise water. 

15'?. The air-vessel is added to the for- 
cing ppmp^ to give the water a more equa- 
ble stream. 

15S. A constant stream may be produced 
by two barrels, with pistons moving up and 
iovfii alternately. 
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. 154. The science of Pneumatics treats 
of the mechanical properties of elastic or 
aeriform fluids; such as their weight, density, 
compressibility, and elasticity, 

155. The air in which we live surrounds 
ilie earth, and extends to a considerable 
height above it. 

156. The air, together with the clouds 
and vapours that float in it^ is called the 
atmosphere. 

157. The air is not visible^ because it is 
perfeQtlj transparent. 



I 

• 
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Maperknent I. The existence of the air may he at- 
certained by swinging the hand edgeways swiftly up 
and down, which gives the idea of separating the parts 
of sonae resisting modium. . 

t. Any swift motion, as of a stick, or whip, or 
that of a fan, proves the existence of air as a resisting 
medium. 

158. The air being a heavy body, presses 
like other fluids, ia every direction, upon 
whatever is immersed in it^ and in propor* 
tion to the depths. 

Example 1 . It is known that the pressure of tha 
atmosphere is less upon a high mountain, than ia 
the plain or valley beneath. 

. 2. The pressure of the air may ,be thus shewn : 
Cover a wine glass completely filled with water, or 
wine, with a piece of writing paper: then place the 
palm of the handover the paper, so as to hold it tight 
and accurately even. The glass may then be turned 
upside down, and the hand removed, without the 
Water running «nt. The pressure of the air upon the 
paper sustains the weight of water. 

159. The air can be compressed irto ^ 
much less space than it naturally occupies. 

Experiment 1. Here is a glass tube open only at on* 
end : it is of course full of air : I plunge the open end 
into a bowl of water, and jou see the water rises an 
inch or so in the tube, the air therefore, which before 
filled the whole length of the tube, is compressed 
into a smaller space* 

2, Here is a small cork swimming on a bason of 
water, I will cover it with an empty glass tumbler* 
which I force down through the w?iVet • '^Vfi ws^^Vx— 
dentif §hew8t that the surface oi[ Wve-^^Xec -wV^v^'^Sa^ 
iumbior u not oa a level wilVv \\\e %\i\l^c« "k^** 
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This experiment proTes that air is a bod^ that preYents 
water frpra occupying the same space with itself i 
it proves also that the air is compressible, because the 
water does ascend to a small height in the glass. 

160, The air is of an elastic, or springy 
nature, and the force of its spring is equal 
to its weight. 

Experiment 1. This bladder is filled with air by 
blowing into it, and in this state it is highly elastic : it 
proves also that air is as much a substance as wood or 
ineta), for no force can, without breaking the bladder, 
bring the sides together, though the parts of an 
•mpty bladder may be squeezed mto any shape. 

2. Open a pair of common bellows, in the usual 
manner, and then stop the nozzle securely, and no 
power can bring the parts together without first 
unsLopping the nozzle or bursting the leather : 
anotlier proof that the air is a solid ^substance. 

16}. Wben air is in motion, it constitutes 
uindy which is nothing more than a current 
of air, varying in its force, according to th« 
velocity with which it flows. 
• l(i2. Air-pumps are macliinesforexhaust- 
ing the air from certain vessels adapted to 
the purpose. 

lUmlratinn, Fig. 31 represents one of the most con^ 
venicnt air-pumps. A A are two brass barrels, each 
containing a piston, with a valve opening upwards. 
The pistons are worked by means of the winch B, 
which moves them up and down altemat(;ly. On the 
wooden frame D K, there is aflat brass plate G, 
ground perfectly HtLt^ and a\5M> a hr?v8& tube comma- 
Micatiiig witti the two cylinders smd \ii* co^\, ^vA 
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openiog into the centre of the hrass plate at a» K the 
^afs receiver to be exhausted of air, is made to fit 
Tery accurately on the brass plato. Having shut the 
tock I9 the pistons are worked up and down, and the 
mir is suffered to escape, when the piston is forced 
down, because the valve opens upwards, but it is pre- 
Tented from returning into the vessel for the same 
reason. The air is gradually exhausted from the re- 
ceiver, which will become iromoveably hxed. Upon 
opening the cock I, the air rushes violently and with 
» noise into the receiver. 

163. Air is about QOO times lighter ihaa 
water. 

• 

Example^ A ouart of air may be weighed m aFIorence 
flask to which a little apparatus is added, and it is 
found to weigh 1 6 grains, but a quart of water weighs 
14621 grains \ the latter number being divided by the 
former gives 914, so that the air is 914 times lighter 
than water. The weight of the air is variable. 

164. Wiien the surface of a fluid, as water, 
quicksilver, bcc. is exposed to the air, it i? 
pressed by the atmosphere equally on every 
par^ aod is at resU 

165. If the pressure be removed from any 
part, the fluid, in that part, must yield and 
be forced out of its situation. 

The ibllowiog experiments shew what 
the pressure of the air amounts to : 

Experment 1 . Into the receiver A , iig. 32, put a small 
vessel of quicksilver ;^, and through the collar oCle.'^^-^'s^^ 
as at B, suspend a glass lube, c\o«cdLia\.V!tek^ nxV^^'^ ^;^^^ 
4fY&rth6 q^uickfilvcr. The a]^^M^\.VAV!^\» «^>a»\RjCs.>^>» 
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be placed on the brass plate ofthe air puinp,and the air 
completely exhausted from the receiver, the tube it 
then to be let down into the quicksilver, which will 
nut rise in it as long^ as the receiver continues empty : 
but as soon as the air is readmitted, all the surface of 
the quicksilver is pressed upon by the air, except that 
portion which lies above the orifice of the tube : it 
will the^fore rise in the tube, until the weight of the 
elevated quicksilver presses as forcibly on that part of 
it which lies beneatti the tube, as the weifi^ht of the 
air does on every other equal portion without the 
tube. 

9. Take a syrin<^ or common water squirt, 
and having pushed the piston to the farthest end, im« 
merse it in water, then draw up the piston and the 
water will follow : for when the piston is raised, the 
air is drawn out of the syringe, and the pressure of 
the atmosphere is removed from the part of the water 
immediately under it, consequently the water yields in 
that part to the pressure on the surface. 

3. Upon . this principle iuckmg'pumpi^ as they 
are called, act : the piston accurately fitting the inside 
of the barrel, by being raised, removes the pressure of 
the atmosphere from that part, and consequently the 
water is forced up by the pressure upon the surface. 

] 66. The pressure of the atmosphere is 
capable of supporting about 33 feet of water 
or about 29 or 30 inches of quicksilver. 

167. If a glass tube upward of thirty, one 
inches long be filled with quicksilver and 
have its aperture immersed in a bason of the 
same fluids the altitude of the mercury in it 
Will be found to vary both at different timet 
wiY fij differeat places. 
J ^8. Ueacc it appears thai iVie vieX^X o^ 
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the atmosphere is variable^ and the above 
mentioned tube filled with quicksilver hasj 
from its shewing the actual weight of the at* 
mosphere^ been called a barometer. 

109* The most usual altitude of the baro- 
meter^ in London^ is between £8 and 31 in-» 
ches^ bat it is seldom to be seen below 281^ 
or above dO| inches. 

.170. In calm weather when the air is in-' 
clined to rain, the mercury is commonly 
low. In serene settled weather the merr* 
cary IS generally high. During very great 
winds^thpugh unaccompanied withrain^ the 
mercury sinKs lowest of all with relation to 
the point of the compass from which the 
wind blows. 

17 !• By removing the pressure from air 
it always expands^ nor is it known to what 
degree this expansion will reach. 

172. By increasing the pressure upon air 
it may be condensed into any given space 
however small^ nor has this condensation 
any known limits. The density of the air 
is in proportion to the force that compres- 
ses it. 

ExpeHmerU. This bent tube A B C D, fig^S*), is opea 
at both ends. I have poured mercur? in so as to rise in 
both sides of the tube to C and B t the part from C D 
is full of air at the common density : I stop up D so ajp - 
to make it air tight, and pour mercury into A so tK«l 
Ihe column of mercury AB shaWbe wi^vclVxv<€^ 
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to the height at 'which it stands in the harometer at 
the time. The air in the shorter leg will now he 
compressed by the weight of the atmosphere^ and 
also with an additional equal weight of a column of 
mercury. The mercury now in the shorter leg will 
be risen to £, and D £ is only the half of D C : 
that is, the pressure of a double atmos{)here com- 
presses the air to half the space which it naturally 
occupies. If another column of mercury were added 
to the length A B, the air in D C would be reduced 
iuto one fourth the space that it formerly occupied. 

173. As all the parts of the atmosphere 
press upon each other^ the air near the sur- 
face of the earth is denser than that which ' 
is at some height above it. 

174. The height to which the atmosphere 
extends has never been exactly ascertained; 
but at a greater height than 45 miles 
it will not refract the rays of light from the 
sun. 
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ExperimerU 1. The resistance of air to falling bodies 
is shewn by exhausting a tall glass receiver of its air, 
and in that state the lightest body, as a feather, will 
fall to the bottom as soon as the heaviest metal. 

2. If a cun of porous wood containing mercurj 
be placed on tne receiver of an air-pump, and the air 
from below be exhausted, the external pressure of the 
atmosphere will force the mercury through the wood 
in a sort of shower. 
S. Let the air be taken from the pores of a piece 
^^dtjr wood, which is thea to behevi xxu'dk&t mercury 
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^ile the external air is admitted into the receiver, 
the mercury will be forced into all the pores, as may 
be leen by splitting the wood. 

4. If two brass nemisuheres of three or four inchei 
in diameter, made for tne purpose, be put together, 
•nd die external air exhausted, the pressure from with. 
oat will require 160 lbs. to separate them : but if the 
external air be taken away they will separate of them* 
selves. 

5. This is a square phial with a small vaWe at top. 
I will put it under the glass receiver K of the air-pump, 
•nd exhaust the air out of the receiver, and the air 
will escape from the phial at the same time. The air 
now being suddenly admitted into the receiver, will 
dash the phial to pieces, because the valve prevents it 
from getting into the phial again. 

6. The ehisticity or spring of air is shewn by tying 
up a very small quantity of it in a bladder, and putting 
it under the receiver K : the receiver is now to be ex- 
hausted of air, and the little confined in the bladder 
will by its elasticity coropleteiv fill the bladder. 

7. This s<|uare phial is full of air, and the cork 
accurately cemented in, so that no air can escape : I 
will put it under the receiver K and exhaust the nir 
from the receiver ; the air within not being balanced 
by any without will burst the bottle iu pieces. 

8. Put a shrivelled apjple under the receiver, and ex-^ 
haust the air ; then the air within the apple will make it 
as plump and handsome as when it was first gathered ; 
but by the admission of the air it will return to its 
shrivelled state. 

9. If a fresh egg with the small end cut off be put 
in a glass under the receiver, and the air taken away, 
the small bubble of air contained in the great end of 
the egg will expand, and force the contents of the egg 
from the shell. 

10. Sonic beer made warm m^Ai^vjX^slxArr^^x^^^^' 
r«r, will appear to boil wbea \)»ft l^ \a \ica.^'^ ^'^'^^ 

/«/ from tbe ^ixsi, W%^^^ 
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1 1. The smoke of a candle will ascend in the air» 
but in ai> exhausted receiver it will fall to thebottom» 
wl\;ch shews that it generally ascends because it is 
lighter than air. 

1 2. The sound of a small bell may be heard while 
it is under a receiver full of air ; but as soon as the air 
is exhausted, there will be no more sound. 

Cor. Hence air is necessary to the propagation of 
sound. 

13. Animals will not live, nor candles bum, for a 
single instant in an exhausted receiver. 

14. A ^^, 34, is a strong copper vessel, hav^ 
ing a tube l£at screws into the neck of it, so as to be 
air-tight, and long enough as nearly to reach the bot- 
tom ; x is the handle of a stop-cock. Having poured 
some water into the vesse1,and screwed in the tube, the 
condensing syringe is to be adapted and the air con- 
densed. The stop-cock is to be shut, while the syringe 
is unscrewed, then on opening the cock, the air br 
{ts great density acting upon tne water in the vessel 
will force it out into a jet of a considerable height. 
This is called the artificial fountain . 

15. The sound of a bell is much louder in condensed 
Jthan in common air. 

1 6. A square phial that would bear the pressure of 
(he common atmosphere, when the air is exhausted 
from the inside, will be broken by condensing th^ air 
around it. 
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175. Acoustics is the science which treats^ « 
o/'souad Jo general ; Diacouslics of redacted 
^oundj a/7£/Cafacousticsof refiLecleA^ovxxv^. 
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176, A sonorous body, whilst sounding, is 
iinqaeslionablvin a stale of vibration, and 
the air, by similar vibrations,* communi- 
^catcs and propagates these vibrations. 

)77. There are three principal causes of, 
the variety o-f sounds : first, the greater or 
Jess frequency of the vibration of sonorous 
bodies ; secondly, the quantity or force of thq 
vibrating particles; and, lhirdly,the greater 
f)r l^ss simplicity of the sounds. Hence; 
are derived the height, strength, and quality 
ofsoands. 

178* The vibrations of a sounding body 
continue for a longer or shorter time, ac-^ 
fording as the body is more or less elastic or 
ao it is thicker or thinner. 

Example. When a strins; of uniform shape and quality 
isslretchetl between, and fixed to, two steady pins, as 
AfJlj Fi«;. 35, if it be drawn out of its n'<ilural,or 
iguicsccrjt position A B, into the situation ABC, and 
if then it be let go, it will hi consequence of its elas- 
ticity, not only come back to its position A B ; but it 
T.illj^o beyond it, to the situation A D B, which is 
nearly as far from A B,as A C B was on theotherside, 
and all this motion one way is called one vibration? 
pfter this, the strino; will go again nearly as far as G, 
i^iakinga second vibration ; Ihen nearly as far as D, 
in.ikinga third vibration, and so on ; diminishing the 
e.xl^Jnt of its vibrations gradually, until it setUcs in its 
originti! position A B, 

17i), The vibrations of a musical string 
ave also comnuinicated to otiier i^acU v.s<\v^ 
which, at iiistfSJj^ht, tt\\^\\V \i^ '^W'sj'^^^^^ >^ 
pe iilrest, ^ 



50 OPTICS. 

Example. If you divide a string as A D, ^^» 36, into 
three equal parts, AB, 6C, CD» by placing dots at C 
and B ; place a bridge, like a violin bridge, at B, also 
place light bodies, such as small bits of paper, at C^ 
and at other places of the string B D ; then draw n 
violin bow over the part AB { you will find that all 
the bits of paper will be thrown ofT from the pari 
BD, excepting the one at C ; shewing that the poiol 
C remains at rest, whilst the remainder of the string 
is vibrating. 

180. In general^ sound travels through 
the atmospheric air at the rate of 1 142 feet 
per second or one mile in less than five 
seconds. 

181. The knowledge of the velocity of 
sound may be applied to the measurement 
of distances, when no better method caa 
conveniently be used. 
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182. Light consists of an inconceivably 
great number of particle3 flowing from a 
luminous bodv in all manner of directions 
"By a ray of lights is meant the motion of a 
single particle. 

Example. The light of a candle, if there be nothing 
to obstruct the passagc,wili till tnr whoie Hpace witnni 
a mile of the caudle every wa>, with luminous par- 
ticles, before it has lost the le«4«i jiensiale part of its 

JSj. L'gb^ fraveh from iVie &uti Vo v\i^ 
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earth in about eight minutes, that is at the 
rate oF nearly two hundred thousand miles in 
a second of time^ 

1B4. The particles of light must beiocom* 
prehensibly small, for its rays cross each 
other in all possible directions without the 
least disturbance. 

JBxperiment 1 .Take a piece of brown paper and make 
Spin-hole in it, through this small aperture, a great 
Variety of objects may be seen, as trees, houses, &c. 
The light proceeding from all these objects, must 
pass at the same instant through the hole, and crosA 
«acb other before they reach the eye, yet tha clearness 
of vision is notdislurbedby it. 

9. Make a pin-hole in a piece of black paper, and 
hold it in an upright position before a row of candles; 
theii on the wall, which must be^t a little distance 
from Iht* paper, some of the rays which flow from all 
the tantiies tlirough the hole m the paper will form 
as Hjany specks of light on the waU as there are can- 
dles, each speck being as clear and distinct, as if there 
was only a single speck from one candle. 

183. The particles flowing from a lumi* 
sous body, as the sun, or a candle, and fall- 
ing upon our eyes give us the idea of light. 

186. The rays of light falling on bodies, 
and reflected to our eyes^ give us the idea of 
those bodies. 

Experiment. Go into a dark room and you hare not 
the smallest conception of the several articles of furni- 
ture that it contams : admit the rays of light, these 
at the same instant (owing to the ^tc^t vKvt\s«s&v(^&^ 
whkh the J travel) faW \i^\i\.\\fc\iQ&vs»\^^^Mi x^w^ 
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and a^e reflected to the eyes, thereby ctcllrag in oaf * 
jninds the idea of these bodies. « 

187. Every point of a visible body reflects 
the rays of Vi^ht in all manner of directions* 

Cor, Hence every part of the surface of a body 
iirhich is towards a spectator will be visible to hlm« 
vrhen no intervening object stops the passage of lighL 

188. The rays of light move always in 
straight ]iiie«. -^ 

Ex, No object can be seen through the bore of a 
bended pipe. 

189. A parcel of rays of light procecdiog; 
from a point is called ^pencil ofra^s, 

190. A medium is any transparent body - 
which suffers the rays of light to pass thfobgU 
it. Thus water^ air^ and glass are media* 

1 9 Parallel rays are such as move always 
at the same distance from each other. 

192. If rays continually recede fromeacli 
Qlher, as from C to cd (6g. S7) they arc 
said to diverge, 

193. If they continually approach each 
olher^ as in moving from c J to C ihey are 
«aid to converge* 

^ 19^- The point at which coti verging rayi 
meet is called \\\e focus. 

195. The point towards which they tend, 
but which they are prevented from reaching 
by some obstacle^ is called the imaginary 
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196. While the rays of light continue in 
iny medium of an uniform density^ they 
are strai&;ht. 

197* If rays of h'ght, pass from one me- 
dium 10 another in api^rptndicular direction, 
they proceed through this medium in the 
•ame direction as before. 

Et. If F C. fig^. S8, he a ray of liofht passing from 
•ir into water, it will continue on to K. 



OF PwEFRACTION. 

198» When rays of light pass obliquely 
out of one medium into another^ which is 
either more dense, or more rare, they are 
bent out of their former course, and ttiey are 
then said to be refracted. 

199. Rays of light are always refracted 
towarda a perpendicular in a denser medium 
and this refraction is more or less, in pro- 
portion as the rays of light fall more or less 
obliquely on the refracting surface. 

Fxpertment. Let B C (fiff. 38) be supposed to be a ray 
cf livht passing out of air into water or glass L G,at the 
point C I F C is a line drawn perpendicular to L G. 
and the ray B C instead of proceeding along C H, will 
be bent towards the perpendicular C, as along C I. 
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into a rarer me<1ium,it moves in a directioa 
farther from the perpend ieular. 

Experimait 1 . f hus if the ray C I (fig. S6) pass out 
of glass into air, it ^ill not proceed in C a:,but iu the 
direction C B^ fartherfrora FC than C x. 

2. Take a pan A B D C (fig. 39,) with an tinrlpjlit 
•side into a dark room ; let in^ l^ means of a sinaU m^le 
iu the "window-shulter, a ray of light C B,ro as to fall 
tvpon the bottom of the pan at E ; mark t)^e spot Es 
then, "without moviiig the pan, fill it with watt?r, anA 
the ray will now not pass on to E, but will be refraciei 
to F. The candle G will answer as well as tlie d'u^edt 
cays of the sun. 

3. If a shilling he stuck on the part F with wax, «» 
4l)at an eye at € caiim)t see it wiu-n the pan is enipty« 
it will become \isible the moment the vessel is mldl 
with water. 

4. Take a glass goWet half full of water and put 
ti *ihilKn<:^ into Lt,then put a saucer or piate upon it. 
and holding it tight on, turn plate and glass togethei*; 
a byeslau(ier unacquainted with the lawrof r£(i*aclbuii« 
will suppose that he sees a shilling and a half crown :: 
the one is seen by refraction through the watw^ the 
other by the rays after refraction at the surface^ 

^01. A lens is a glass ground into siK'li a 
form a.s to collect or dispeibe tije rajs of 
light which pass through it. 

202. There are various kinds of leiise*, 
named according to their forms. 

203* A piano -convex lens has one side flat^ 
and the other convex, as A, fi^. 40. 

204. A plano-concave is flat on one side, 
and convex on the otiier, as B. 

£Oj^ A JoMe convex is convex on boik 
^ydes as C* «iOVS. N. 
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^08. A double concave is concave on both 
Vides, as D, 

£07« A meniscus is convex on one side and 
concave on the other, as E. 

S08. The flj/s of a lens is a line passing 
through the centre : thus F G is the axis to 
»i1 the five lenses. 

209r It* parallel rays fall upon a plano- 
convex lens, ihey will he so refractea as to 
unite in a point b(^hind, called the princip^il 
focus, or focus of parallel rays. 

Example, Thus the rays /i, b (fig. 37,) falling upoa 
r df are refracted towards the perpendicular C Xf and 
uaite ia C. 

€ !0. The distance from the middle of the 
glass to the focus, is called [hefocal distance. 

211. The focal distance of a plano-convex 
U'na, is equal to the diameter of the sphere 
o^ which the lens is a portion. 

^212. The focal distance of a double con 
\Qi lens is equal to the radius of a sphere of 
which the len« is a portion ; see fig. 41 

213. All the rays of the sun which p3s« - 
through a convex giass^ are collected in its 
focus. 

*ir4. The force of the heat at the focus is^ 
to tlie common heat of the sun, as the area 
of the glass is to the area of the focus. 

lUuslralion, If a lens four u\ftves\w ^v^v^^Vcx ^^s^^ciKX. 
the sui *8 ravs into a focus aX V\\c ^uV^vv^-* vk\Vi'v^'=^^^^^^ 
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Ike Wn^e viD boI be moie thaa one tenth of m 
lack ia dbaeler«tiie ma§$ee of this little circfe it 
16N timet \cm tlwi the muhet of the lens, and con- 
au f rnj a As the bent will he IfiOO timei greater at the 
iMM than at the leM. 

Or. U Hencethe coutrndion of commoB bnming 
gbMMi* which are all doable conyez lentes. 

Cfr. S. HcBoe the reason why fumitore has been 
net ea fire by leaving a globol v decanter of water in- 
cantioarifezpoKdlotlwniyf of thesuns which acta 
af adome cobtcz leas. 

215. If another double convex F G fig. 
41 , be placed in the rajs at the same distance 
from the focos, it wilt so refract the rajs^ that 
they shall go ontof it parallel toone another* 

Hbuinriwm. It u evident that all the rays, except 
the middle one, cross each other in the focus/, of 
course Ihe ray D A, y:hkh is uppermost in going iOf 
is the lowest in going out as 6 r. 

216. If a candle be placed at/, the Ji- 
\crging rays between F G. will, upon going 
out of the lens, become parallel at d c. 

£17. If the candle be placed nearer the 
the glass than the focus, the rays wilt &*- 
verge after going throneh the lens. 

€18. If the candle be placed farther from 
the glass than the focus, the rajs will con- 
verge, after passing through the glass, and 
meet in a point, which will be more of Ip«s 
distant from the glass, as the candle is nearer 
to, or farther f roi%'to focus* 
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219. VVhere the rays meet th^y will forrrt 
ar> inverted image of the flame of the candle^ 

^xpbriment 1 . The iiiTerted image of the candle may 
1»y means of a common burning glass be taken on a 
sheet ofpaper which b to be placol at the meeting of the 
lajs. 

2. If an object ABC, (fig. 42) be placed beyond 
the focus F of the convex glass d ef^ some of the rays 
irhich flow from every point of the object on the sida 
neTiLt the glass, will fall upon it, and after passing 
through it they will be converged into as many points 
on the opposite side of the glass, where the image of 
the whole will be formed, which will be inverted. 
Thus the rays flowing from A^ as A if^ A e. A/, will 
converge in the space d af, and by meeting in a wUt 
there fSrm the image of the point A : and so of those 
jays flowing from B and C, and of course of all the 
intermediate parts. 

3. If the object AB C be brought nearer the glass^ 
the picture ab c will be removed to a greater distance 
Irom it. 

220. The picture will be as much larger or 
less than the object^ as its distance from the 
glass is greater or less than the distance of 
the object. 

22U When parallel rays pass through a 
double concave lens, they will diverge alter 
passing through the glass, as if tiiey had 
come from a point in the centre of the con- 
cavity of the glass. This point is called the. 
imaginary focas^ 

JExamjtle, If the rays a 6 r,&c«^g. 43^1 t^assi ilvco^^s^ 
^^^aod C b« the cealvc o£ cout^scsW^ ^isa. ^^\:v\ o. v«s^ 



s. 
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, >■ ■ ., . . ...... 

ter passiii^ through the gIasB,will go on in the direction 
k U as if 't had come from C and no glass in the way ; 
the ray b will go on in the direction mn^ and to on. 

222. When parallel rays pass through a 
plano-€0ncafe4eu^/.they diverge after p«s* 
King through it^ as if they had come frotd'a 
point at the distant of a whole diameter of 
tjbe glassy conqayity. , 



OF BEFLfiCTION« 

9A%. When rays of light strike against a 
surface^ and are seat back fromit^ they are 
•aid to be re/kcttdm 

^24. The ray thiat comes from any lumi- 
nous bodyt aod falls upon a reflecting sur-* 
face, is called the incidem ray. 

Example. IfL 6, (6^. 9^) fce a reflecting surface, as 
a looking glaM, then b € is the incident ray, and C E 
if the rtffScUdm^. 

225. The angle of incidence is that which 
is contained between the incident ray^and a 
perpendicular to the reflecting surface in the 
poin t of reflection. 

226* The angle of reflection is that con* 
tained between Ibe perpendicolar and the 
rejected ray. 
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2€7« The ang/e of refraction is that con- 
tained between ibe refraeted ray and the 
perpendicular. 

Ittttgirtaion, Tnfi^. 38« B Cbeinr the ioeideiit ny, 
B C F u the ande of mcidence* F C E if the angle of 
reflectioDy aad T C K is the angle of refracUoa. 

228. A mirror or speculum is an opaque 
body whose surface is finely polished, so 
that it will reflect the rays of lieht which 
fall upon it, and thus represent tne images 
of objects. 

2^9' Mirrors are made of metal, or glass, 
polished on one side and silvered on the 
Qtherw 

. 230. There, are three kinds of mirrors, 
iriz. the plane, the coniex, and the concave. 

231. Common looking-glasses are called 
plane<:mirrors ; but the concave and convex 
are denominateil mirrors. 

2S2. When a ray of light is reflected from 
6ny surface, the angle of reflection is equal 
to the angle of incidence. 

Ex* Thus the ancfle B C F (^g. S8) is equal to F 
€ E. The same is true of conyez and concave niir« 
jors.* 



-'t.el Ihc lines C a and C r, (fijr. 44,) be drawn, 
which; are perpendicular to the concave surface a r, 
and il will I'e t'omui thatthean<^leof \wcvd^x\^^ d «.^^>f!^ 
er/aa/ to the aii^jic of reftecViou C a m^;aNA. e c v:* v^ 
equal to C cm, -^>x , 
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* 

£33. When parallel rays fall upon a con- 
cave mirror, they will be reflected, and meet 
in a point, at halt" the distance of the surface 
of the mirror from the centre of its conca* 

yity. 

Ex. If the parallel rays (fig, 44) da^C mb, and e c^ 
fall ^pon the concave mirror A B, then d a will be re- 
flected alon^ a nifCb will be reflected along b m^ and 
e c aloDg € m ; of course they all meet itjl m ; and m b 
is found to be e(][ual Xom C, or half C h, 

SS4. The rays of light that proceed from 
any celestial object may be esteemed paral- 
lel at the earth, therefore the image of that 
object will be found half way between the 
mirror and its centre of concavity. 

2*35. The rays which proceed from any 
gemote terrestrial object, will be converged 
at a little greater distance than half way 
between the mirror and the centre of con- 
cavity/ and the image will be inverted with 
respect to the object. See fig. 45. 

216. When the object is more remote 
than the centre of concavity, the image is 
less than the object, and is between the ob- 
ject and the mirror. 

2:37. When the object is nearer than the 

centre of concavity, the image will be mora 

remote and larger than the object. 

•' 838. If the object be in the centre of the 

jji/rjor's concavity, the image and object 

^j'/J bfi equal und cgincide. 

Ex- 
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Experiment. If I stand before a large concave mirror* 
iieyond its centre of concavity, I shall see an inverted 
ima^e of myself in the air. And if I hold out my 
hand towards the mirror, the hand of theima^e ^ill 
<:ome out and coincide with it, as if the two were 
«hakin? hands. If I reach ray hand farther, the hand 
of the image will pass by it, and if I move my hand to 
one side, the hand of the image will move to the other. 
A by.stander will see nothing of the image, because 
none of the reflected rays can enter his eyes. 



OF THE DIFFERENT REFRANGIBILITY OP 
THE RAYS OF LIGHT. 

639* Light is not a simple homogeneous 
body, but compounded of seven different 
species, each of which, in passing from one 
medium to another, suffers a di^erent degree 
pf refrangibility. 

240. To examine the different colours of 
a ray of lights a small hole must be made in 
the shutter of a dark room, and the ray 
must fall upon a pri^m in an oblique direc- 
tion. 

» -s. 

JUusiration. Let A B (fi<^. 46) represent part of the 
shutter of the window of a room, in which no light 
enters, exceptinij through the hole C. If the lij^htof 
the sun be received upon a screen at any distance 
from the bole, as at J^, a circular luminous npot will 
be formed upon the screen, which is larger in diameter 
than the hole at C. Place a glass prism DOE bcf ire 
i^ip hole^ so that the light rtm^ iptl%% \>axo\i^ wVJwi. 
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direction perjieDdicular to the axis of the Drism ; and 
instead of going straight from E to F, the light ^hich 
comes through the hole 'will, by passing through th» 
prism, be bent and dispersed in such a manner iis to 
form a coloured spectrum or image 6 H upon a screen, 
which may be situated at any distance from the prism, 
but below the straight direction C F. The spectrum 
6 H is about five times as long as its breadth, and is 
terminated bj scmi-circular ends. The highest part 
is of a beautiful red ^colour, which, by insensible 
shades, degenerates into an orange^ then a yellow^ a 
greetif a PtuCf an indigo^ and a vioteU which is the 
colour next to H, viz. at the lowest part of the spe&» 
trum. 

241 • If the whole apectrum be divided 
into 360 par ts, tbe red will occupy 46 of 
them^ the orange 27 # the yellow 48> the 
green and the Uue 60 eacb^ the indigo 40, 
and the violti 80* 

242. B^ mixiojg; the seven primitive co* 
lours in these proportions, a dusky white is 
obtained. 

Ex. Paint on a circular board the seven colours in 
their proper proportions, and then whirl the boar4. 
with great velocity f it will appear of a dirtiesb white^, 
If the colours were more perfect and accurately de- 
fined, the white would bQ more perfect also. 

245, The seven colours are reducible to 

three, viz, the red, th^ blue, and the yellowi 

244. The most reoiarkable instance of 

tlie se(>aration of the prioiairy . colours of 

J/jf/ji 16 that QJt' ilie rainbow. 
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> 245. The rainbow is formed by the refled- 
tion and refraction of the rays of the sun's 
light from the drops of falling rain. 

5246. The colours of the rainbow are fre« 
quently visible among the waves of the sea, 
the tops of which are blown by the wind 
into small dropsy they are sometimes seen 
on the ground, when the sun shines on a 
thick dew. 

. d47. Cascades and fountains frequently 
exbibtl the appearance of rainbows, and wa« 
ter blown violently from the mouth of an 
observer, whone back is turned to the sun 
will produce the same phenomenon* 



OF THE EYE AN|> VISION. 

9 18. The eye is of a globular form, 6n^ ii 
composed of thrpe coats, covering one ano* . 
ther, and inclosing different substaa^s cbI* 
led humours, 

949^ The three coats are the sclerotica, 
the choroides, and the retina, 

S|50. The three humours are the aqueoui, 
the crystalline^ and the vitreous* 

llhutrMm, A B 6, %. 47, is a section of the 
giolieof theeye* the three circlet represent the thittft 
coats : the outer one it the tcleroHea^VoX ^do^'s^^^ 
JPFii is called the cornea. 'tV^mv&iSS&^^adiR^'^'^ 

Q ) 
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chorpidesithe fore part of which is called the iris, sad 
the inner circle represents the retina, which serves to 
receive the imases or objects produced by the refractioii 
of the different tiumours of the eye. The aqueous ha* 
niour fills up kll the space A, £, F, B, x ; ^ z, is the 
crystalline in the form of a double convex lens ; and 
the vitreous humour occupies all the irfterior part of 
the eyd m n behind the crystalline. fVom the hinder 
part of the eye proceeds the optic nerve d, which con.- 
veys to tbe braia the sensations produced on the retina • 

Q51. Objects are seen by means of their 
images being painted on the retina of the 
eye. 

lUwiralion. As the object A, B, C. sends out rays 
that fall on the cornea of the eye between £, and i\ 
and by passing on through the pup'd and humours, 
they will be converged to as many points on the 
retina, and will there form a distinct inverted picture 
cb a, of the object. Thus the pencil of ra^s qr s, that 
flow from A will be eon verged to the point <^ on the 
retina; those from B, will be converged to the point 
b ; those from C to point c \ and so of all the in" 
termediate points ; by which meansHhe whole picture 
41 b CIS formed and the object is made visible. 

252. Though the images of objects are 
painted on the retina in an inverted state^yet 
they are seen erect. 

253. Dimness of sight generally attends 
old people, which may arise either (I) by 
the eyes growing flat, and not uniting the 
rays at the retina : or (2) by the humours 

Ipswgthe'n transparency in some degree, 

fvhich makes every object appeal f;\vwl and 

ocIJfiUact. <lb^ 
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254. Spectacles are intended to assist 
the sight of those whose eyes are either 
too round or too fiat. 

"£,55. Concave glasses are necessary to 
those whose eyes are too roand. 

Illustraiion. When the eye is too round the rays 

Sroceeding from objects are con?ergei| to a focus 
efore they get to the retina ; to remedy this a con* 
caye glawis used* because the pronerty of this is, to 
iUpene the rays which jMreYcnts tnem from coming 
to a focus so soon as they otherwise would. 

256. Convex glasses are necessary to 
those whose eyes are too flat. 

lUustriUion. When the eye is too flat the ra^s pro- 
ceeding from objects do not converge to a focus so 
soon as they reach the relinat a convex glass has the 
property of converging the rays and of course of 
brioging them to a focuf sooner than they otherwiso 
would. 



2c7. Eyes that have their humours of 
a due convexity cannot see an ohject dis- 
tinctly at a less distance than about seven 
inches. 

^5\i. There are numberless objects too 
small to be seen at that distance. 
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OF OPTICAL INSTRUMENTS; 

^59. Microscopes are iaslruments for 
Tkwing small objects. 

260. They apparently magnify objects 
because they enable us to see them nearer, 
without affecting the distinctness of vision. 

Ex, Take a piece of brown paper and make a pin 
hole in it, then bring the eye rlose to the hole, and 
the paper within two or three iocbe* of a small print, 
which will be apparently much niat^nificd, though 
without the paper the letters would at that distauce 
be wholly illegible. 

261. There are three kinds of microscope, 
the single, i\\^ compound and the solar, 

2f)2. The single microscope,is only a small 
double convex Jens, having the object placed 
in the focus, and the eye at the same distance 
on the other side. 

Q,i)3, The magnifying power of the sin- 
gle microscope is found by dividing seven 
inches, the least distance at which an ob- 
ject can be seen distinctly by the naked eye, 
by the focal distance of the lens* 

fflustration. By the experiment just mentioned the 

brown paper was brought twice or three times nearer 

Ihe book than the distance of distinct \ision and th« 

iength of the letters were magnified two or three tinu's* 

With a lens whose focal distance is only one inch, th« 

/ff/ro-z/j of an object would appear to be seven times 

^^r^cr than it is, and the f uriacc would \)c m^^o^v^^^ 

^J innes, that is tb^ square of 7 . 
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Ex. If the focal distance of Ihe lens be only the i 
of au incli, then the diameter of an object will bo 
ma^ified 28 tiroes (because 7 divided by ^ is the 
same as multiplying 7 by 4} and thd surface ^ill be 
magnified 784 times* 

264. The compouDd microscope con- 
sists of an object-glass and an eye-glass* 

Illustration, The object to be viewed is a by fig. 48» 
€ d^ is the objcct-?Iass, and ef^ the eye-glass. The 
object is placed a little beyond the focus o^ d c, tb« 
rays will donvergls and the image be formed at g h. 
Toe image, therefore^ and not the object, is viewed 
by the eye D £» through the lens e /, which is so 
placed that the image g h may be in its focus, and 
the eye about the same distance oil the other side ; 
the rays of each pencil will be parallel after going 
out of the eye-glass as at e and/, till they come to the 
eye at A:, where they will begin to converge by the 
refractive humour of the eye, and bavin"; crossed . 
each other and passed through the crystalline and 
vitreous humours, they will form the inverted image 
A B on the retina. 

^i65. The magnifying power of the 
compound microscope is in proportion as 
the image is larger than the object, and 
also according as we are able to view it at a 
less distance. 

Ex. If the image g h is 4 times larger than the 
object a 6, and by the help of the eye-glass we can 
view it 7 times nearer than we could by the naked 
«ye, on both these account^ the diameter of the object 
will be magnified 4 times 7, or 28 times \ a\idtbA.<3icts.- 
face 784 times. 

2G0. There are geuexoAX^ ^\no e^^-^^^^^ 
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by which mea]:is>ihe object is less magnified 
hut more of it ifs seen* 

267. The solar microscope depends on 
the aun-shine» and is used ia a darkened 
room 

£68. It is co4n posed of a tube, a looking- 
glass^ a convex teus^ and a single micro- 
scope. 

£69. The sun's rays are reflected by the 
lookittg'glass through the tube upon the 
obj;eet, the image of which is thrown upon 
m white skreen, sheets &c. placed at a dis- 
tance to receive it. 

€70. The magnifying power of the 
instrumeni is in proportion as the distance 
of the image from the object glass is grea- 
er thai^lhe object itself is from it. 

Ex, If thecHstance of the object from the object- 
glags>be i of an ixicli . and the distance of tbe picture be * 
10 feet or ISO inches tliea tlie object is magnified in 
leogthr48(^titnes. 

€71. Telescopes are used for viewing 
objects at a great distance ; of these^ there 
are two kinds^ the rtfratthtg and the re^ 

27€. The common refracting telescope 

I cousists of an object-glass which is nearest 

the object, and an eve-glass next the eye. 

t7J0 This telescope inverts tbe image 

9^///] respect to the object and makes it ua- 

^i /or viewiag tcneslnal ob\eeV.s* 
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' 274. The magnifying power of this teles- 
cope is as ih^ focal distance of the object- 
glass is to the focal distance of the eye- 
glass. Therefore if the former be divided, 
by the latter the quotient will expresd itir 
magnifying power* 

Exi Ad oblect-glass of 10 feet or 120 inches fiscal 
distance, will admit of an eje-glass whose focal did* 
tance is 2§ inch, and 120 divided bj ^ orm decimals 
b}' 2f 5 will gite 48, the number of times that such a 
telescope will magnify the diameter of an object. 

275. A telescope to shew objects in theic- 
natural posture has three eye-glasses. The 
two aditional lenses^ is to give the erect 
position of objects, see fig. 4J . 

276. The three eye glasses have all their 
focal distances equals and the magnifying 
power is found as before, by dividing the 
focal distance of the object-glass by the 
focal distance of one of the eye-glasses. 

277. The camera obscura is made by 
fixing a convex glass in a hole of a window 
shutter, and if no light enters the room but 
through the glass the pictures of all objects 
on the outside may be seen in an inverted 
position, on a white paper placed in the 
focus of the lens« 

278* If the convex lens be placed in a 

tube in the inside of a box, within which 

is a looking glass sloping backwacds ve 

get a portable cameca o\>^cMt^. ^ 
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lUuUration, Fig. 49 reoresents a box consistiog of 
twoparU. The outer A C B D E F G has a shutter 
or cover L N, Mrhich moves round an hinge P Q, and 
when opeD,as in the figure, it carries two lateral boards, 
which serve to exclude the externa] lio:ht as much as pos- 
sible from the rough glass O, upon which the observer is 
to look. The fore side of the box is wanting, and in that 
aperture another narrower box E H I K G slides. This 
box wants the inner side, and has a convex glass lens 
fixed at I. If this machine be tunied with the leosl 
towards any obj^'cts that, are well ilium ioated, an in* 
Terted picture of them will be formed within the box 
on the side A B C D, and that picture may be rendered^ 
disli ct by moving the sliding box E H G K in or out, 
in order to adjust the focus according to tiie distance 
of the objects. At the back part of the box a flat 

E^ece of looking-glass is situated at. an inclination of 
blf a right-angle, as is shewn by tile dotted lines B H f 
in cohseqaence of which the ray» of light fall upon 
the looking-glass, and are reflected upwards to the 
^ Tough glass O. The picture then Is formed upon that 
rough glasSy and will appear erect to a spectator situ* 
ated behind the box* and looking doivn upon the 
glass O, from which a drawing* may be made. 

£79* The magic lanthom is an iBslrument 
used to magoiiy paintings on glass^ and 
throwing their images upon a white screen 

in a darkened chamber. 

i. 

iUmintion^ Fi^. 50 represent* Ibe machine with 
the effect it prrauces. Fig. M shews the internal 
parts of the machine placed al their proportionate^ 
diitanoef. The lantern contains a candle A , a reflector 
M -Ny which is so situated as to have the light A fn ' 
lUfoeuB- On the forepart of the lanliem there is a 
tA^k double coBrex lens C D, or a nUao-conTex 

(^«^a»ifrcMUedMlHilV$tje)Q'i%\M&.Sa^u tY»\aa^ 

Xctn. 
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ttra If closed on every fide, go that no li^ht can come 
out of it, but what passes through the lens C D. In 
the direction of this lens there is a tube x^ fig. 50, fixed 
to the lantern, iivhich has a lateral aperture from side 
lo fide ; through this the glass slider a a with the 

r'nted small images, is moved in an inverted position. 
H, fig. 51 1 represents one of these images. Tba 
Ibrepart of the tube JT contains another siidiug t'tbe, 
which carries the double convex ieus E F. The effect 
«f those parts is as follows; The thick lens C D 
throws anneal deal of light from the candte A upon 
the image 6 fl. And to mcrease that light si ill more 
the reflector M N is often, but not always* placed in 
such lanterns I for as the flame is in the fo( us of the 
reflector, the light proceeds in parallel lines trom the 
reflector to the leas C D. The image G H being thus 
well illuminatedt fendf forth rays from every point 
which, by passing through the lens £ F, are converged 
to a focus upon the ^^aliandform the lar^e images as 
if fhewn ia fig;. 50. In some magic lautems, instead 
of the single ^s £ Fy two lenses are used of less cur- 
vature, and set at a little distance from each otuer % 
which act rather better than a single lens. 

280. The multiplying glass is made by 
grinding down the side of a convex glass 
into several flat surfaces. 

JBiatration. Fig. 52 is the representation of a 
nultiplying glass with three fiat sides h i Ar. The 
AiJ^ect C seen by the fye at H will appear multiplied 
into as many diJQferent objects as the glsus conlainf ' 
plape surfaces. For since rayS'flow from the object 
Ctjv all parts of the glass, and each plane ^urhice will 
refiract these rays to tbe eye, the same t»bject wiii ap> 
pear to the eye in the direction of the I'^ys, whkh 
enter it through each surface. TJhus i|ie ra^tk fi^Llau^^^ 
m the direction C s K wiU she\« \Vv« iq^\)iVMX*t&\\aiVraM- 
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place at C, because there they suflfcr no refraction ; 
Dut the rays faliin^^ upon the surfaces h b and d k, will 
be refracted to e and B, and therefore to an eye at H» 
tlic ttl>ject C will appear in the directions H « E and 
H B D as well as in that of H i G. The same thing 
will hap])en if instead of three there be any number 
of flat surfaces. 



ASTROxNOMV. 

$ST. Aslronomy is the science which 
fexplains the forms, numbers, distances, 
motions, and appearance^ of the stars, or 
celestial bodies. 

282. The celestial bodies are the Sun, 
the planets with their moons, the comets and 
the fixed stars. 

CSf5. The Earth which appears to us like o, 
vast plane, is, in reality, a round, or convex 
surface. 

Jffusfraiwn. That the Earth is spherical is proved 
(1) Trom its casting a round shadow upon the Moon 
during an eclipse (9) From its having been sailec) 
round by several persons. (3) From our seeing farther 
^hehigl^er yue stand (4) Frora our seeing the masts ojf 
|I|ips pn the sea while the hull is hiddqi by the con? 
yexity (if the water, 

S84. The sensible horizon is that apparent 
ffrch ivbich on an extensive plane seems 
i^ c/rcamcribe ocr sphere. ol; n'vs\ot\. 
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2S-L The rational horizon divides the hea- 
vens inlo two equal parts or hemispheres ; 
the visible wiiirh is above^and the invisible 
which h below it. 

«8.). The Sun, the Moon, the planets, 
and mostofthe stars, appear to go continu- 
ally round the earth from east to west, and 
to perforoi each revolution in about 24 
hours. 

286. The meridian divides the time of 
the course of the celestial bodies above the 
horizon into two equal parts,; hence, wheu 
the Sun is at the meridian, it is mid-day. 

287. On turning our back towards the 
north, we have the south exactly before 
us, the east in the left, the west on the 
right, the zenith over our heads, the nadff 
under our feet. ' ..'" 

£88. The equator, or equinoctial, is that 
great circle which divides the globe inla 
equal parts. 

289« The same circles, planes, &c. are sun-, 
posed to exist in the heavens, as well as 
upon the earth ; so that the south and north 
poles of the earth are said to be situated 
precisely untler tliose of the heavens. 

2y0. The whole sphere ap|;eai^ to perform 
its revolution regularly in the spact of 23 
hours 56 minutes viW^ 4 seconds, 

29*. The Sun rises and sel% ^n^\^ ^vn>\ >85«-* 
diiTerfnt points of lV\e Vxouxow^vvw^ ^x.^'y^^ 

\\ 
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the meridian every day at a different point ; 
but never goes farther from the equator 
than about 2S^ (28^either towards the north 
or towards the south of it. 

2'J2. The ecliptic is the Surt's apparent 
annual path ; the angle which it forms with 
the equator is called the obliquity of the 
ecliptic, and the points where it inter- 
sects the equator are called the equinoctial 
points. 

£93. The zodiac is a broad portion of the 
heavens, following the direction of the eclip- 
tic, and extending about 8 degrees on each 
side of it^ so as to include the latinide of the 
planets. 

294. As the Sun appears every day in a 
differentpointof theeclipticy it thence seems 
%o revolve in a circle parallel to the equator^ 
but receding from it first about 23* 28' to- 
wards the north, then approaching the equa- 
tor and again receding from it about 23® 28' 
towards tfa^ south, and so on. 

£95. The tropics are tlie circles parallel to 
the equator which the Sun seems to describe 
when at its greatest distance from the equa^ 
tor \ that towards the north being called the 
tropic of Cancer^ and that towards the south 
the tropic of Capricorn. 

OF 
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OF THE SOLAR SYSTEM. 

296. The solar system consists of eleveai 
primary planets^ eighteen secondary planets 
or moons, and a number of comets. 

297. The names of the primary placets 
are Mercury, Venus, the Earth, Mars, Ceres, 
Pallas, Juno, Vesta, Jupiter, Saturn, and 
Herschel. 

298* The Earth has one moon, Jupiter 
four, Saturn seven^and Herschel si.v. The 
other seven planets do not appear to have 
any moons. 

Illustration, The sun S. (PI. vii. ^g, 53) if the cen- 
tre of the sjatem ; uearert to the Sun revolTes Mer« 
cury $ t then Venus 9 * the Earth 0, Man ^, Ceres» 
Palkfl, JoAO, Vesta,* Jupiter 11 , Saturn h , and Hers* 
chel Jyt. 

299* AH the planets move round the Sun 
from west to east, and in the same direction 
do the moons mov« round their primaries, 
excepting those of the Herschel, which 
move from east to west. 

300. The'paths in which the planets move 
are called tl>eir orbits. 



* The Ceres* Pallas, Juno, and Vesta, have all 
been discovered within the last seven years : and, at 
present, have no characters appropriated to them; 
they arc very small bodies* ax^dc^V\wi\i^^x*^"«aa^'iSw 
usteroiih* 
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301. The orbits of tlie planets, though 
circular in the tigure, are in nature elip- 
tical, 

302. The planets perform their revolutions 
in (iifterent periods of time : the time of 
performing their revolution is called their 
year. 

jO.i. The planets turn on their axes, and 
the liine eaiph)ve(l lor litis purpose is called 
their day. bit vpposiUpngt i*. 

304. The planets are opaque bodies, and 
riiineonly by reflecting ilie light which they 
receive from the Sun. 

Illustration, Mercury and Veniw, v/hen vicTred by a 
telescope, .•(ecm oi'ien to he oiiiy partly illuiinnatcd, 
and have tiic appcaruuce of our moon nhcu she it 
horned, having the ilhiniiimied p-arl always turned to 
the sun. Tiojn the api canines of the boundary of 
light and shadow upon 'heir si-riaces, it is concluded 
that they are sphrricul, a circumstance which is con- 
£rnicd by most of Ihem having been found to turn 
on their axes. 

303. Vacuus and Mercurvbcinc; nearer the 
Sun than the earth, are called injtrior pla- 
nets; and all the others^ which are without 
the earth's orbit^ are called superior pla- 
nets. 



lUurtTallon. 
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Ilhistr/rtioiu It is cerlaiti th;it >»tcrcui*y and Vcnuf 
|ro round the Sun, beciui.He Ihey arc sonieMmes seen 
passing hf I wci'ii the Kuith aiid ^un, and soiuetiraes 
they jj^^o bchiiui (he ^un. 

2. Th< -r oibi'.s are within that of the Earth'a, 
because !h;> arc never mci* in opponition to the Sun ; 
that is, (hey never appear to ii«e from the bprizon 
when thf Sun is sicltini;. 

3. The orbits of a!l the other pbineJs are known 
to sun<»uiid Ihato^ the F.arlh, for Ihey are somelinies 
seen in opjiosif ion to the ?un, 'and ihey never appear 
to be horned, but always nearly or quite Tuil. 

S06. When a planet is sitiiatcd so as to 
be between tlie Sun and l}4e Earth, or so 
that the Sun is between the Earth and phi- 
net, then the plant^t is said to be in conjunct 
iion with the .Sun, 

307. When the Earth is between the Sun 
and any piuiiet, then that placet is said to 
be in opposi/ion, 

308. The inrerior planets;^ liave two 
conjunctions wilh Ihe Sun, but the superior 
have only one, because tl-ey can never 
come between the Earth and ^un. 

309. When a planet conies directly be- 
tween the Earth and Sun it appears to pass 
over the sun's surface, and this is called the 
transit of the planet. 

310. The planets rnove faster when they 
are nearest the Sun, and slower in ihe rcmu* 
lest f art of their or bits. 

SIK The 
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811. The Sun is a spherical body of im- 
mense ma«2:ni tilde, beins" about a miilion of 
times larger than the Earth, 

31'. When viewed through a telescope, 
fcveral dark spots are seen adhering to its 
surface. I^'rom these spots it is found 
that the Sun turns on its axis in about 25 
days. 

313. By Dr. Herschel and others it is 
thought that the Sun isa oiost uiagnificent 
and habitable globe. 

314. Mercury is the planet nearest to 
the Sun, and on that account is very seldom 
visible. It shews phases like the moon^ and 
never appears to us quil^e full, 

315. Venus is the brightest, and, to ap» 
pearance, the largest of all the planets. 

.. 3l6. Venus is generally called the mornr 
in^ or evening star, according as it pre* 
cf deS| or follows the apparent course of tb« 
•uu. 

317. Venus and Mercury occasionally 
pass over the Sun's surface. These ui<i 
called the transits of V^enus or Mercury, 

318, By the transit of Venus the Sun's 
distance from the Eurtb was first accu^ 
rately ascertained. 

3lfj. The Earth is not a perfect sphere, 
but a spheroid, having the diameter at thq 
equator between SO acvd AiO mi\.^^ Vs^^^ 
Ibaa that at the noks. _^, 
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S20. The Earth being of a globular form, 
people stand upon opposite sides of \i, and 
these are called aniipodei to each other* 

32 1. The Earth has a diurnal motion 
about its axis, and an annual one about the 
t^un. 

S22, The diurnal motion of the Earth is 
the cause of day and night. 

lUtisiratiott, When oDe half of the Earth is turned 
towards the Sun* it receives his rajs, and is illuminat- 
ed, causing day; and when this naif is turned from 
the^ioOf we are in darkness» and then we hare 
night. 

S£.5, Twilight is owing to the refraction 
of the rays of light by our atmosphere, 
through which they pass, and which, by 
bending them, occasions some to arrive at 
a pari of the earth, that could not receive 
any direct rays from the sun. 

324. The axis of the Earth, in its journey 
round the Sun, is inclined to the plane or 
level of its orbit. 

325. This inclination of the Earth's axis, 
in its annual motion round the Sun, oc- 
casions the diversity of the seasons. 

Ittuslralion. The^engthening and shortenm^ of the 

days and the diflferent seasons are produced bj the mo* 

tion of the earth T. pi. ix. in its orbit roaqd the sun 

S. The axis of the earth N. S. inclines to the plane 

of the orbit, and is parallel to itself in all parts of its 

orbit. la June the North pole N. inclines to the sun, 

^tad it is summer to the northern ^tIs of V!hft «»V^«\bl 

J^ccewber the 5orthpolo dQc)^ii«ftftoiOQbUie«»k^«A 
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the northern parts have more darkness than Hg^ht, and 
then to them the days are short, and it is -winter. In 
March and September the axis of the earth is perpen- 
dicular to the centre of the sun, and the poles of the 
e^rth N. S. are in the boundary of li»ht and darkness^ 
and the days and nighls are equal all o^er the earth. 

32t), The MooN^ next to the Sun, is the 
most remarkable objicl in the heavens. 
It is a spbericitl hody, like the Earth, round 
^bich il revolves, and by the influence of 
which it is carried found the Sun. 

3*27. The average distance of* the Mopll 
from the Earth is 240,000 miles. 

SQ.H. The Moon turns oh her axis in the 
same time as she perFoniis her revolution 
round the Earth, viz. in about 2{}^ days. 

* Cor, Thence (he moon has alwa} s the same sidi^ 
towards the earth. 

3^9.^ The moon's year is of the tame 
length as that of the Earth, bul the number 
of their days is very diflerent. To the earth 
there are 'sQok days in a year : to the Moon 
onlv about 12*. 

S30. The moon, at its conjunction, is in- 
visible, its first appearance afterwards if 
called new moon. 

33 !• At its opposition its whole disk it 
enlightened, ii'\% then cMedJuil moon. 

Illustration PI. x. S is the sun, T the earth, ABC, 
&c. the moon in its orbit. One V\^V^ o^ VW \«v^\s\jw'>a. 
s7tfa Fs eoiigrhtened bv thesuu« X\. K^xXv^'Kv^^ve^^^ 



82 ASTRONOMY. 

between the earth and suDi and is iuTisibte as repre«> 
•ented at a : at B. the enlightened part x^ z, is tumeii 
to the earth, ^nd she appears homed as at 6 : at C 
the half of the enlightened side is turned to the earth, 
and she appears a half moon as at r : at D the part 
«r s. is turned to the earth, and it appears as at d^ and 
at £ the whole of the enlightened part of the moon 
is turned to the earth, and we have liill moon as at e. 
As she passes through the rest of the orbit, he puts on 
the same phases as before, but ui a contrary bitler. 

^52. The Earth is a satellite to the moon, 
and subject to the same changes as that body 
undergoes* 

333. The Earth appears more than 13 
times larger than the moon appears to us. At 
new moon to us the Earth appears full to her«* 

334. The Moon is seen by means of the 
light from the Sun^ which is reflected to us. 

335. Its changes depend upon its situa- 
tion relatively to the Earth and Sun. 

336. Mars is not so bright as Venus or 
Jupiter ; his colour is of a ausky red hue. 

337* CfiRES is a very small planet^ situ- 
ated next to Mars; it was discovered on the 
first day of the present century by M. Pi- 
«zzi/ an Italian astronomer. 

338. Pallas is another very small pla- 
net, discovered by Dr. Olbers of Bremen^ 
on the £8th of March^ ]8(KS. 

33y. Juno was discovered by M. Hard* 
i>7^ on the first of September, 1804, 
S40. Vesta was first %een \>^ Vit* OUi€f% 
on ibe egtb of March, 1807 \ \\ Vw. \ifcttw 
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seen also by Mr, Groombridge, Mr. Lee, 
and other astronomers in this country. 

341. JupiTBR is the brightest planet next 
to Venus : when seen by a telescope, seve- 
ral belts are observed around its surface, pa- 
rallel to its equator. 

342' Jupiter is attended by four moons, 
which are frequently eclipsed by the sha- 
dow of the planet falling upon them. 

343. The eclipses of Jupiter's satellites 
have been very useful in determining the ' 
longitudesof places, and the velocity oflight. 

344. Saturn can scarcely be seen by the 
naked eye* It is surrounded by a flat and 
broad ring iliat reflects the light. 

345. Saturn has seven satellites of difle* 
rent sizes, and its body is surrounded also by 
belts, like those of Jupiter. 

346. The Hkbschbl planet can rarely 
be seen but by means of a telescope. It is 
attended by six satellites. 

347* Comets, like the planets, revolve 
about the Sun. 

348. They move in excentric ellipses, 
and the periods of their revolution are so 
long, that only three are known with any 
degree of certainty. 

349. Coniets are only visible to us when 
they are in that part of their 01 bit which is 
nearest to the Sun, and then they move so 
last 89 soon to become mViuVAe Nd ^^« 
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350. When they approach the Sun, ihej 
often exhibit the appearance of a beard or 
tail^that reflects the hght very brilliantly. 



OF THE FIXED STARS. 

S51« The Fixed Stars are so called be« 
cause they do not change their places with 
regard to one another as the planets do. 

36^. They are commonly classed into 
seven magnitudes; the largest are called 
starsof the first magnitudcj and the smallest 
those of the seventh. 

353. Although the number of stars ap- 
pear to us as innumerable, this is a decep* 
tion occasioned probably by the refraction 
and reflection ot the ra3's of light passing 
from them through our atmosphere. 

354. There are seldom more than a thou- 
sand stars visible at any one time. 

355. The stars are divided into groups or 
constellations, c«lied by the names of ani- 
mals and other objects which they are sup* 
posed to resemble, such as the Great Bear, 
the Eagle, Swan, &C. 

356. The fixed stars, from their immense 
distance, must shine by their own light, and 
Mre probably Suns like our Sun, to difierent 

Mjrstews o/planets. 
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357. Many of the fixed stars, which to tho 
eye appear as single stars, are found to con*, 
sistoftwo. 

338. Tbereiire also clusters ofstara called 
ncbulc^f the most remarkable of these is that 
broad zonecalied the Milky Way. 

359. According to Dr. Herschel,eachne« 
bula is composed of a prodigious number of 
snnsj and each sun is destined to give light 
to a system of worlds that revolve about lU 



OF ECLIPSES. 

360. When any heavenly body is obscu- 
red or darkened by the shadow of another 
falling upon it, or by the interposition of any 
body, it is said to be eclipsed. 

36 1. The eclipses of the Sun and Moon 
are the most striking, and were formerly re- 
garded as ominous of impending evil. 

362. As the Earth is an opaque body, en« 
lightened by the Sun, it will cast a shadow 
towards that side which is farthest from the 
Sun. 

363. The Moontcvolves about the Earth* 
near enough to pass through the «badow of 
the earth. 

364. An eclipse of the moo\i XaSs.^'i^ >^^vl^ 
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when the San^ the Earthy aod the Moon are 
in, or very nearly in, a straight line. 

S65. An eclipse of the Moon can lake 
place only at the time of full moon. 

366. On account of the inclination of the 
Moon's orbit to that of the Bartb, an eclipse 
cannot take place every full mOon. 

3t)7. When the Moon passes entire!/ 
through the Earth's shadow, the eclipse is 
total : when only a part of it passes through 
the shadow, the eclipse is pariiaL 

StiS. An eclipse of the Sun is occasioned 
by the Moon's coming directljr between the 
Earth and the Sun, and thereby obstructing 
our view of the Sun. 

369. When the Moon happent to be be-^ 
Iween the Sun and Earih at the time of new 
Inoon, there will be an eclipse of the Son. 

570. As the Moon is so much smaller 
than the Earth, only a small part of the 
earth's surface can, at the same time, ex* 
perience an eclipse of the Sun. 

371. When anyone of the heavenly bo« 
dies disappears by another body coming 
before it, it is called an occahaiiofi. 

37^* I'he occuliations aud approsimations 
«f ttie fi?ced starst by the Moou are of ose 
in determining the longitudes of places. 



OF THE TIDES. 



57S. The eUing and flowing of the sea 
U owing to the attraction of tne Sun and 
Jdoon, pot chiefly to that of the Moon. 

374. This attraction cannot alter the 
shape of the solid parts of the £arth, but it 
has a great efi*ect on the water^ and causes 
it to assume a spheroidal figure^ the longest 
axis being in the direction of the Moon. 

S75. It is the highest tide at the placid 
which is perpendicularly under the Moon^ 
or where the Moon crosses the meridian. 

^76. The tide is at its greatest height, not 
when the Moon is on the meridian but 
some time afterwards, because the force bjr 
which the Moon raises the tide continues 
to act for some time after it has passed the 
meridian. 

377. The.pval figure of the waters keeps 
pace with the Moon in its monthly journey 
iround the £arth. 

. ^78. The Earth, by /its daily rotation 
upon its axis presents each part of its sur- 
face to the action of the Moon* 

579« There are two tides iu exet^ ^\»s^o^ 
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about 25 hours, because the action of the 
moon produces a tide in the place over 
\ichi< h it pas^e<), ntid also in the opposite 
surface of the globe at the same time* 

^80. When the iictii>n of the Sua and 
Moon conspire together, as at full and new 
moon, the tides are highest^ aixi ^iie caUcd 
ipniig tides. 

.v&l. V\' hen they counteract each other, 
•s in the quarters^ tliey produce; the. lowest 
or neap tides. 



ELECTRICITY, 

» 

88t. The Earth and all the bodies with 
■which we are acq u Hinted are sn imposed to 
contain a certain quantity of an exceedingly 
subtle fluid, called the electric fluid. 

SSS The certain quantity belonging t6 
all bodies is railed their natural share, and 
produces no sensible effects. 

y84. Wlien any body becomes possessed 
of more or less than its natural quantity, 
it is said to be electrified, and is capable of 
exhibiting certain appearances which are 
ascnt>ed to the power of electricity. 

^•r. J, Take a stick of sealing wax and rub it with 
j'our Asuni, or with a piece of flaffiAfiii or oii ^ W coat 
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•1<jew, tad it win haye the power of ntfractino;' small 
bits of paper or other very light substances when held 
near them. 

S. Ifa clean and dry glass tube be rubbed several 
times upwards and downwards, and then presented to 
any sm^ll light sobstance, it will immediately attract 
and repel them alternately for a considerable time. 
The tube is then said to be excited. 

S. If a i^lass tube be rubbed several times in the 
dark and then brought within about half an inch of 
the finger, a lucid spark will be seen between the finger 
and the tube, accompanied with a snapping noise, 
and the finger at the same time will perceive the sen- 
sation of a prick from a pin. The attraction, repulsion, 
sparkling and noise, are the efiects of electricity, and 
are denominated electrical appearances. 

4. If an oblongpieceofmetal, suchasapoker, be 
suspended by means of a dry silk string, and the excit- 
ed glass tone be presented to its upper end, then tlie 
lower end of the metallic body will exhibit the same 
phenomena as the tul>e itself, which shews that tha 
electric fluid passes through the metal. 

5. If, instead of the metallic body, a stick of glass 
or scaling wax be suspended, none of these phenomena 
will be exhibited, which shews that the electric fluid 
does not pass through these substances. 

885. All those bodies wliicb, like the 
metallic substance^ transmit electricity^ are 
called conductors of that fluid. 

386, Those substances that will not trans* 
mit the electric fluid are called cUcirics, or 
non'COttduciors.\ 

387f The metals^ semi-metals, and me* 
tallic pres^ are conductors of electricity ; so 
flspafp cbi»r9oal> waV^t ^u*^^>^^x '^x^x^'^^ 
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excepting the aerial fluids and oil. Almost 
all saline and many eartby substances are 
likewise conductors. 

388. The following substances are elec* 
tries or non-conductors of electricity : viz. 
vitrified substances, precious stones^ amberji 
sulphur, resinous substances, wax, silk, cot- 
ton, feathers, wool, hnir, paper, elastic flu- 
ids, sugar, oils, metallic oxides,''^ animal and 
vegetable ashes, dry vegetable substances^ 
as baked wood, &c. 

381). All substances become conductors 
when they are made hoi. 

,*)90. When a body has more than its na- 
tural quantity of this fluid it is said to be 
positiveiy electrified : when it has less than 
its natural share, it is said to be mgaliveJi^ 
electrified. 

391. When a conductor is so surround* d 
hy non-conductors that the electric fluid 
cannot pass from it to the earth, it is said to 
be insulated. 

/Experiment, The human body is a good conductor 
of c lectricity, but if a person stand on a cake of rosin 
or on a stool supported by glass legs, the dectric fluid 
cannot pass from htm to the earth. 



* The fLxpIanaijoa and illustration of this and some 
^thrr terms mvMl be referred to au c^^^ CirMcvitat"^ 
C^i^^tuintrj, wJhichl shall syccdi\5\j\i\>V\&\v* 
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592. The principal method ofexcitlogtbe 
electric fluid is friction. 

393. When a conductor and an electric 
are rubbed against each other the electricity 
is the most powerfully excited.: in this case 
the electric fluid pa&ses from the conductor 
to the electric. 

Experiment 1. If T rub a smooth ^1as» tube with 
niy hand, the electric fluid will leave the hard^ and pais 
upon the tube* which will oow have mure thaa its 
natural quantity. 

2. If ibe finder or any ronductiug substance, he 
presented to the tube, the electricity will pass into 
it. 

394. Two substances bo»h positively or 
both negatively elci'tiiHect, ;r/yr/earh oti rr, 

39^ Two sNb«itaiK'es^ ol i^tiich one it 
positively atid the i»llitr negatively rkctri- 
ned, attract rath otiirr. 

,%6. It tl»e I rrson who robs, a glH.«8 lube 
be in<inlated, bolh the p^ rson and the gta^s 
tube btr come t:lecl'iried, aiiHrapable o» at- 
tracting and lepellmg liglit bodies; bnt th'e 
electricity of the petsou ^lil differ trom that 
of the tube^as the iollowing experiment will 
•hew. 

Fxperfmertt 1 . Let two cork balls, ronnected by 
a liuen thread, he held by a silk thread, <itu<.bed to 
the ini.'idle of the fi»iiaei, at some distance ^"f^i'vi a 
wail ; then brinjr the cxev\.^\\s^^\sJE»x.^^'^*^^^'*'*^ 
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it Tfrlll first attract, and soon after repel them t 
this repulsion "will continue for a considerable time 
though the tube be removed. 

2. Let another pair of cerk balls be broushl 
in contact with the insulated person^ and they aisb 
IV ill repel each other. 

3. But if the two pairs of balls be brought near* 
they will attract each other, and the electrical virtue 
will disappear ; which shews that there are two elec- 
tricities, one beins^ the reverse of ti^e other, and seem* 
lag to have what the other wants. 

4. If the insulated person rub a stick of sulphur, or 
resin, or sealing'wax, that substance will acquire the 
electricity which in the preceding experiment wai 
acquired oy the insulated man. 

Cor. Hence positive, and negative electricity have 
l^een called vitreous and resinous^ 

397. These electricities al ways accom pan j 
each otlier^ for if any substance acquires the 
onej the body with which it is rubbed ac- 
quires the other. 

398. When one side of a conductor re«» 
ceives the electric fluid, its whole substance 
is instantly pervaded with it ; whereas when 
an electric i^ presented to an electrified body, 
it becomes electrified in a small spot only. 

iJ9Jf. if to one side of an electric, \iZi, 
a pane of window glass^ you communicate 
positive electricity, the oppouile side will be 
negatively eleclrlded, and that plate is laid 
to be charged. 

400. The positive and negative electric!* 
//^s f:aai^ot gom^ together, Ut^l^it a cciruiiiM- 
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nication by means of conductors is made 
between \\ie\r sides. 

40 !• When the two electricities are uni- 
ted> their virtues are destroyed, and the act 
of their union is called the electric shock. 
' 40^. Machines have been contrived for 
rubbing together electrics and conductors, 
and fur collecting the electric fluid from' 
sarrounding todies. These are called elec- 
trical machioes* 

nimtratwn. Fig. 5 i» represents an electrical ma- 
cbine of the simplest soil. 6 E F is a strong board, 
"Which supports all the parts of this inachine» and. 
'which niav be taslcned to a table bj means of one 
or more iron or brass ciampM, as Q : the glass cylinder 
A B is supported by the two glass legs, G and £. 1 R* 
kthe rubtier, and 1 11 K, is a silken liap. Thi»cushioii 
or rubber is iastened to a spring which proceeds 
from a socket cemented on the top of the ^last 
pallar i^. The lower part of this pillar is nxed 
lato a small bonrd wtilch slides upon the bottom 
lioard of the machine, and bv means of a screw nut 
aud a slit at H, may be fixed more or less forward, 
in order that the rubber may press more or less upon - 
Ihecjtiuder, N F is a glass pillar which is fixed in the 
IkHIoiu board* and sjpporls the prime coiuiuctor M L 
of hollo vir braM or tin plates, which has Ihe collector, 
or pointed wires at L, aud a knobbed \^i^eat M. 
]Proin the brass knob a longer spark may be drawo 
thaii fioiu any other part of the coiiductor. Wlien 
the cyiiudcr is turned swiftly, tlie fjicliou of the 
glass against the rubber causes the ciecUic f^jid ^^bich 
wa* in tfec rubber to pass to the ^Ui^^lcvivEvxiVocvv:^ 
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it is conveyed to the prime conductor, the pointi m 
which a are presented to every part of the cylindflr 
10 succession. If a chain be put on the knob s^ thm 
other end of which hangs on the ground there will 
be a constant supply of the electric fluid to the primo 
conductor, which, if other bodies are presented to it^ 
will keep discharging all the while in sparks. TIm 
rubber is supplied oy means of the things in immOf 
diate contact, and these again are supplied by tha 
l^eneral mass of the fluid that is lodged in the earth. ' 



OF ELECTRICAL ATTRACTION AND 

REPULSION, 

403. Bodies^ that are charged with the 
same electricity repel each other ; but if one 
have more and the other less than its share> 
they will attract one another. 

Experiment 1. If a tuft of feathers be hong on the 
prime conductor L M, fig. 54. the moment thej 
are electrified by turning the wheel of the machine, 
they will endeavour to avoid one another and stand 
erect : because being all electrified by the same elec* 
Iricity, they repel each other. 

3. A large feather, will, if placed in the hole «, 
when the machine is worked, become beautifully tur* 
fi^id, expanding its fibres in all directions i and they col- . 
lapse when the electricity is taken off by presenting 
any condncting substance to them. 
S, Excite a glass tube IS ot ^Q inches long, then 
pmcseat to it a small featber> wVuc^^'^toxW^v 
iracted by it, and afterward* iuiui^ ftwci \\.. \^\i» 
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#ther body happen to be in the way it will tend to* 
wards the ground i but if the tube be held under it, it 
will be ftill repelled^ and may be driven about for m 
considerabletime. 

4* Suspend a plate of metal from the conductor, 
and ondeme^h it at the distance of about three or 
fiiur inches put another plate of the same size i upou 
the lower one small feathers, pieces of paper, &c mair 
be placed, these wiU« as soon as the machine is worked, 
jump to the plate, from which they will be repelled, 
and fly to discharge thcmseWes upoii the lower plate» 
sftir which they will be attracted and repelled again. 

5. If two balls made of cork or of the pith of elder 
about the size of Ikrge peas be IWtened to silk threadSf 
they will hang parallel to each other, and be in con* 
tact ;but when brought near the electrified prime coa* 
ductor, they will strongly repel each other. 

6, These balls in theu- electrified state shew whe* 
ther the electricity is posithre or negative ; for if it bo 
positive, by applying an excited stick of sealing wax 
the thread wilFcollapse ; but if it be nq^tive, th« 
sealing wax will niake them recede still further. 

404. A pair of cork or pith balls is used 
lo discover the presence of electricity, and 
is dendminated an electrometer. 

Ex. Fig. 55, represents a quadrant electrometer, 
whicii may be fixed m the hole z of the prime conduct- 
or, fig 54. It consists' of avery lig:ht rod ; and pith ball 
A turning on thexentre of a semicircle B. According 
to the strength of tfaue electricity the pith balb flies 
oflr,and the scale marks the degree m which the prime 
eoiiductor is electrified. 

405. If a body containing only its na- 
tural share of electricity be brought near 
a body thai is elcctiifitd, 0O%\>JC^f^^ ^xx^r.^!^- 
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lively, a pari of ihe electricily in the form 
of a spark will force itself Ihrough the air^ 
from ihe latter to the former. 

406. When two bodies, one electrified 
positively the other negatively, approach 
each other, the superabaodant electricity 
rushes violently from one to the other, to 
restore the equilibrium. 

407* If an animal be placed so as la form 
part of this circuit, the electricity in pass*- 
ing through it produces a sudden and violent 
effect called the electric shock. 

408. The motion of electricity in pass* 
ing from a positive to a negative body is so 
rapid that it appears to be imtantaneou%. 

409. When any part of one side of glass 
is presented to a body electrified positively 
or negatively, that side of the glasis becomes 
possessed of the cow/rcrry kind of elech'icity 
to the side of the body it is presented to, 
and the olher side of the glass is possessed 
of the same kind of electiicity as the other 
body. 

Sxperimdttt . If the knob of the priipe contluctor* 
fig.' 54, l>e electrified positive]?, and a pane (»f irl us be 
presented to the •ide next to 6, it will be ncLJ^iitivcly 
electrified, and the other side will be positivelj elec- 
trified. 

410. Electricity communicated to glass 
ifo^s noL spread beyond the s?>ot where it is. 



SLECTRICAL ATTRACTION, &C. 97 

# 

thrown, on account of its non-conducting 
quality, 

411. Electricity may be comtnunicated to 
the whole surface of glass or any part of it, 
if it be covered with a metallic substance as 
tin-foil. This is called coating ihe glass. 

412. If a conducting communication be 
made between both sides of a ^lass thus 
coated and charged with electricity, a dls-* 
charge takes place. 

413. Glass ot any form » provided it be 
sound, will answer the purpose, but cylia-r 
drical jars are chiefly used. 

414. A glass bottle or jar properly coat* 
ed for electrical purposes is called aLeyden 
phial, or jar, from the place where this pro* 
perty was discovered* 

Ilhi$tration» Fi^. 56. represents a Lejd^n jar coated 
with tinfoil on the inside and outside within about 
three inches of the top of its cylindrical part ; and 
having a wire with a round brass knob, or. ball A, at 
its extremity. This wire passes through the cork or 
wooden stopple D $ at its lower extremity is a piece of 
chain that touches the inside coating in several parts. 
To charge this jar, a communication is made between 
the electrical machine and the brass kuob A, while, 
the outside of the jar communicates with the earth by 
the table or the hand. 

Experiment \. Bring the knob A of the jar near the 
prime conductor, and after a few turns of the machine 
the jar will be charged .: that is ihe inside dt^the jar . 
will be positively and the outside uegativeU «iUxXxv- 
lied : or if the inside i^ ii€g2LVv^c\^,\)Mi Q>a\.i^^ '^^^^ 
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positively electrified. R is a dischar^ng rod which is 
used to convey the superabundant eiect^icity from 
one side to the other where there is less than the na- 
tural share. The discharging rod consists of two 
brass knobs a a attached to wires, which move round 
a joint JT fixed to a glass handle R. 

8. When one of the knobs is applied to the ball A, 
and the other to the outside coating* a communica- 
tion is made between the outside and the inside of thei 
jar, by which the equilibrium is instantly restored by 
the superabundant electricity passing from one side 
to the other, appearing intheformof a vivid flash, ac- 
companied with a loud report. 

9. A shock may be taken by putting one hand to 
the outside coating, as at a, and bringing the other to 
the knob A. 

4. Any number of persons may receive' the shock 
together by laying hold of each other's hands, the per- 
son at one end touching the outside of the jar, aud the 
person at the otheV end bringing his band near the 
knob A. If there were a hundred persons so situa- 
ted they would every one feel the shock at tlie same 
instant. The electric fluid ^ay be conveyed many 
miles in a moment of time. 

415. Several Leyden jars^ connected to- 
gether by making ^a communication be- 
tween all the outsides^ and another commu- 
nication between all their intides^ form an 
electric battery. 

^ lUuMHraUon, PLviii. fig. 57. represents a battery con- 
fisting of 16 Jars, coated with tmfoil,and disposed in a 
fMroper box. The wires, which proceed from the in- 
side of every four of those jars, are Krewed or faaten- 
edi0 M common horizontal wire B, which is knobbed at 

each 
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each extremity, and by meaas of the wires F, F,F, the 
inside coatio^D of 4,8, or 1 2, or of all the 16 jars may be 
connected. The inside of the box vrhich contains tnese 
jars» is lined TFith tinfoil. On one side of this box 
there is a hole, through which a strong wire or hook 
passes, which communicates with the lining of the • 
Dox, and of course with .the outside coatings of the 
jar. To this hook a wire is occasionally fastened, 
which connects it with one branch of thedischargmg 
rod,BBCA. 

41 8. Electricitjyby means of the battery, 
is capable of producing the most powerful 
effects. 

Ex* I. A rery slender wire, as ir, being made part 
of the circuit, will by the discharge of the battery in* 
stantly become red»hot. It sometimes melts into 
small globules of differeat sizes. 

2. If between two slips of window glass somegoM 
leaf be placed and the slips of glass be pressed firmlv 
together, and the shock from a battery be sent through 
them, the gold leaf will be forced into the pores of the 
glass. 

3. If the gold leaf be put between cards, and a strong 
charge be passed through them, it will be completely 
fust;d. 

4 Gunpowder may be fired by the electrical battery* 

417. Metallic points attract the electri- 
city from bodies silenlly, which renders 
them useful in defending buildings from 
lightning 

418. When electricity enters a point it 
appears in the form of a star : when it goes 
out from a pointy it puts on the appearance 
of a brush. 
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419» Instruments may be put m motion 
by the electric fluid wnich issues from a 
point: hence we have electrical orreries^ 
milh, &c* 

A'iO. Lightning is the rapid motion of 
vast masses of the electric mietter. 

4£K Thundtr is the noise produced by 
the motion of lightning. 

42^i. When the electric fluid passes 
through highly rarefied alr^ it constitutes the 
aurora boreaiis or tiorthern lights, 

423. Most of the great convulsions of 
tiature^ such as earthquakes, .whirlwintds^ 
hurricanes, &c* are geoeraliy accompanied 
with and dependent upon electrical pheno , 
inena. 



GALVANISM. 

424. The science of Galvanism appears 
to be another mode of exciting electricity: 
it derives its name from Galvani who first 
discovered it. 

425. Electricity properly so called is 
chiefly excited by friction ; but the effects of 
Galvanism are produced by the chemical 
action of bodies upon each other. 

426. The nerves and muscles of animals 
jij-e most easily aflectedby iVie G^V\«Q\c^ftuid. 
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4C7* In 1791> Galvani of Bologna dis- 
covered that a dead frog may have its mus- 
cles brought into action by veiy small 
quantities of electricity. 

4^8. He also discovered that the same 
motions may be produced in the dead 
animal merely by making a communication 
between the nerves and muscles by means 
of conducting substances. 

J^jf, 1. If si living frog» or a live fish, as a flounder, 
haTing^ a slip of tinfoil pasted upon its back, be placed 
upon a piece of zinc, whenever a communication is 
formed between the zinc and tinfoil the spasms of th« 
muscles are excited* 

$, If a person place a piece of one metal as a half- 
crown above, and a piece of some other ipetal as ziiic 
below his tongue, by bringing the outer ed^es of these 
pieces in contact, he will perceive a peculiar taste. 

3. If a person in a dark place put a slip of tinfoil 
upon the bulb of one of his eyes, and a piece of silver 
in his mouth, bj causinr .these pieces to communicatef 
a faint flash of light wul appear before his eyes. 

429* The conductors of the Galvanic 
fluid are divided into ihe perfect and imper^ 
feet. 

430. The perfect conductors consist of 
metallic substances and charcoal. 

431. The imperfect conductors are water 
and oxydating fluids^ as the acids, and all 
the substances that contain these fluids. 

432. The simplest galvanic combination^ 
must consist of three different conductor** 
nql wholly of pfte c\as%. \l V^W V«^ ^'^ v't 
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three bodies are of the first class, the eombi* 
nation is said to be of the first order 5 other- 
wise, it is said to be of the second. 

4S3. It seems to be indispensibly requi- 
site that in simple galvanic circles^ the con- 
ductors of one class should have s6tn« 
chemical aclion upon those of the other. 

Kr, If a piece of zinc be laid on a piece of coppef« 
and a piece of card or flannel moistened fvith a solu- 
tion of salt in neater, and tben three other layers in the 
same order, and so rep(;atcd several times, the M'bole 
viil ibrm a pile or battery of theirs/ order. 

434. When the three bodies which form 
a galvanic circle of the first order are laid 
upon one another, the upper and under one 
not touching, then these two extremes are 
in opposite electric states. 

435, Thegalvanic effects may be increas- 
ed to any degree by a repetition of the same 
simple galvanic combination. 

4;3(). These repeated combinations are 
called galvanic piles or batteries, which may 
be con:>tructcd oi various forms. 

Ej'. I. Take a rumbcr, say 12, of plates of silver, 
and the same number ofpiecesof zinc,aud also of wool, 
leu c!o^h, the last aic to be soaked iti a solution of sal- 
a:iimoninc in water. : "vviih these a pile is to be formeiit 
as til iig. 58. viz. a piece of silver, a piece of zinc, a 
piece of cloth, ai.d thus repeated. These are to be 
0i/p/n>rted v/iih three rods of glass a *, and pieces of 
ffood jr and z, and the pilc'is cuu\^^Ws^v^\iiyiUl af- 
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ford a constant Current of electric fluid, thronp^h any 
conducting substance : thus If one hand be applied to 
the lower plate and the other to the upper one, a 
■hock M'ill be fclU which is repeated as often as the 
contact is renewed; 

The plates will soon become ojr^//a/«</, and require 
clean in<^ in order to make them act. 

2. Another battery consistsof arow of^laasesof any 
shape, as a a, fig, 59. containing a so) ui ion of salt and 
water, into each of theseexcept the two on tJie outside 
is put a pl.iteofzincs,and another silver x ; these platei 
communicate by means of the wires w tir, and so fas- 
tened that the silvers in one glass is connected with 
the zinc 'C in the other ; when one hand is dipped into 
the first £;Iass, and another in the last, a shock is felt. 
The glasses mJiy be of any number. 

3. The most convenient kind »f battery consists of a 
trough A B made of baked wood, three inches broad and 
abnut as deep ; in the sides of the trougli are g 'loves 
opposite to each other : into each pair of groo es is fix- 
ed by cement a plute of zinc ami silver sohliTCii l(»ge- 
Iher, and in the order of silver and zinc, silver and 
zinc, the cement must be filled in so rig to prevent any 
communication between the dilf<Tent cells. The- cells 
are to be tilled with a solution of water and sal-nm- 
mooiac : when a coramunication is made between 
the first and last cell, by means of the hasuis, a stroi.5 
shock is' felt. The shock is felt as often as the coji« 
tact is renewed. 

4. Several persons, by joining hands, having first 
welted them with water, may receive the shock. 

4.'J7. The spark from a powerful galvanic 
battery acts upon and infla»nes :^U(ipowder, 
charcoal^ cotloiij and other iDflammable bo- 
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Ex. 1. Fill the battery (Fig. 60.) with water and 
nitrous acid, in the proportion of 9 parts of water and 
one of acid, and wipe the edges of the plate? Tery drj^, 
then the wires tr w are to be fastenied to pieces of 
copper and put into the outer cells: a a are little^laa^ 
tubes to hold the wires by. Bring the ends oi the 
wires together on the plate of gli^ss v, and a spark 
will he perceived t if gunpowder be laid on the glass 
between the pointsof the wires it will be inflamed. 

%, Gold and silver leaf may be in^amed in this way : 
Dutch gold bums with a beautiful ^reen light ; silver 
frith p^e blue ; gold with yellow light, 

468*. 6j galvanisai many facts are eSL-^^ 
plained ip common life which were unin* 
telligible before. 

Ex. 1 . Porter is said to have a peculiar taste wbe^ 
(Jrank out of a pewter vessel ; here is a complete gaU 
vanic circle, of the second order; the moisture of the 
linder lip is ope conductor of the second cla^s, the por- 
ter IS the other, and the pewter is the conductor of 
^)!e Spit class. 

12. Another Galvanic circle is seen by the discdlora^ 
tiob of a silver spoon in eatiqg ^gs \ the saliva and 
fluid e^^ are conduptor^ of tiie «ecQnd ckss, and the 

^ilv^r 0? the firstt 

3. Pure mercury retains Its splendor a longtime, 
but l^t it be ^ipfilgamated ivitb tin, and it is quickly 

pzydated- 

4. Works in metal, the parts of wbiich 9re soldered 
together* soon tarnish in the place* wher^ th^ metali 
urejoiiied, 

5. The nailf and the copp0r in the sheathing of ships 
pre soon corroded about the place of c^nta^tt Tlt^dii 
gfp ihp dTecti of Galyanispa, 
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439. Magnetism explains the properties 
of tLe loadstone or natural magnet^ which' 
is a dark coloured and hard mineral body, 
and is found to be an ore of iron. 

440. The magnetic properties may be 
communicated to oiher reruginous bodies^ 
ivhich are thence called artificial magnets. 
These properties^hovvever^ act upon no other 
substance but iron. 

441. Natural and artificial magnets^ as 
well as the bodies upon which they act^ are 
either iron in its pure state, or such com- 
pounds as contain it. 

442. All magnets attract iron. 

443. When a magnet is at liberty to move 
itself freely, it constantly turns the same part 
towards the north pole and the opposite 
part towards the south pole of the earth. 

444. Those parts of the magnet's surface 
which it turns towards the poles of the earth 
are called the north and south poles of the 



magnet. 



445. The property of pointing to these 
poles is called its directive power ; and when 
it places itself in that direction, it is said to 
traverse. 

446. The magnetic meridian is a ^latift. 
perpendicular to the Vikoivwiw^ ^\A ^•dss.va?^ 
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through the poles of the magnet when 
standing in their natural direction. 

447* The declination of the magnet or 
of the magnetic needle^ is the angie which 
the magnetic meridian makes with the me* 
ridian of the phice where the magnet stands. 

448. The north or south poles of two 
magnets repel each other ; but the north 
pole of one attracts the south pole of ano- 
tli^er. 

449. The inclination or dipping of the 
magnetic needle expresses the property 

. i%'.hich the magnet possesses of inclining 
one of its poles towards the horizon, and 
£flevating the other pole above it, 

4.0O. Any magnet may, by proper me- 
thods, be made to impart its properties to 
iron or steel. 

451. When a piece of iron is brought 
within a certain distance of one of the poles 
of a magnet, it is attracted by it ; the at« 
traction is strongest at the poles. 

452. The magnetic attraction is not in 
the least diminished by the interposition of 
any bodies except iron. 

453. Soft iron is attracted by the mag.» 
net, more forcibly than steel, but is not ca- 
pable of preserving the magnetic property 
so long. 

4^4. Heat weakens the magnetic pow^r^ 
jDd a great beat destroys \\.% 
4S^. The addition ot vjca^VvX-Xo ^ m^^vv^x. 
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462. At present the declination o 
maginetic needle is about 24 degrees 
ward. 

46s. If a magnetic needle be accni 
balanced and suspended so as to turn 1 
in a vertical plane, the north pole will I 
pressed, and the south pole elevated ; 
the horizon, this is called the dip o, 
needle. 

464. A magnetical needle constr 
for the purpose of shewing this prope; 
called a dipping needle. 

465. When a piece of iron is bn 
sufficiently near a magnet^ it becomes 
a magnet. 

46§. Bars of iron that have stood Ic 
a perpendicular situation are generally 
to be magnetical. 

467* If a long piece of hard iron be 
red hot, and then suffered to cool i 
direction of the magnetical line^ it bee 
magnetical. 

468. Tbe electric shock will often r 
iron magnetical ; so also will lightning 

469, Artificial magnets are made I 
plying one or more powerful magn< 
pieces of hard steel. 

[I 470. The power of a magnet is not 

;i nistied^ by communicating its prop 

/ to other bodies. 

471. Two or mote m?^^\i^X^ *^ww 
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gelher may communicate a greater power 
to a piece of steel thaa either of them pos- 
sesses singly. 

47*2. A magnetic needle is made by fast- 
ening the steel on a piece of boards and 
drawing magnets over it^ from the centre 
outwards. 

Illustration, A ma^etic needle is represented in 
figures 61 aad 63; the first of which shews the upper 
side, and the second a side view of the needle» havuig 
a pretty large hole in the middle, to which a conical 
piece of agate is adapted hy means of a brass piece O, 
mto this the agate cap (as it is called) is fastened. 
The apex of the hollow cap rests upon the point 
of a pin F-, which is fixed in the centre of the box, and 
upon which the needle, being properly balanced, turns 
very nimbly. 

A mariner's compass, is represented in fi^. 63. the 
box which contains the card or fly with the needle, is 
made of a circular form, and either of wood, or brass, 
or copper. It is suspended within a square wooden box 
B, by means of two concentric circles, called gimbalds* 
so fixed by cross axes a, a, a, a, ^g. 64. to the two 
boxes, that the inner one, or compass box, shall retain 
an horizontal position in all motions of the ship, whilst 
the outer or square box is fixed with respect to the 
ship. The cpmpass box is covered with a pane of 

ftas8,that the motions of the card may not be disturbed 
y the wind* \¥hat is taWeA the card, is a circular 
piece of paper, which is fastened upon the needle, and 
moves with it. The outer ed^o of this card is divided 
into 360 equal parts or degrees, and within the circle 
of these divisions it is a^ain divided into 32 equal parts 
or arcs, which are called the points of the compass, 
or rhombs, each of which is oftew ivjJa^vsA^ \fiX^ 
quarters. 



QUESTIONS 

And other Exercises on the for eg 
Summary of Facts. 




How is matter defined ? 

What are the inherent properties of 
fcer? 

What do you mean by solidity ? 

How is the definition illustrated ? 

M'hat experiments prove this ? 

What do you infer from these cs 
ments? 

What is meant by the divisibilify of 

ter ? 

How is this definition illustrated i 

What experiments shew the great e: 
to which divisibility may be carried? 

What may be inferred from these es 
ments? 

What is meant by the mobility of 
ter ; 
How is the de&mtioxx V!\\x%\x%x^^> 
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AMiat is meant by the inertness of mat- 
ter ? 

How is this definition illustrated ? 

What experiments prove the truth of 
this f 



What is meant by attraction ? 
How many kinds of attraction are 
there ? 

What IS meant by the attraction of co//e« 
sion ? 

To what is this attraction limited i 

What experiments illustrate this sort of 
attraction f 

What is capillary attraction ? 

By what experiments is capillary attract 
tipn illustrated ? 

What effect have different degrees of co- 
hesion on bodies ? 

What is meant by repulsion ? 

Where does repulsion commence ? 

How is the repelling force illustrated ? 

What experiments shew the force of re- 
pulsion ? 

What is meant by the attraction of gra- 

titation !^ 
Why does a stone fall to the ground ?, 
Towards what body do th^ ^Vm^^v^ ^'^• 

vit^te } 



112l questions. 

Towards \vbat point do all terreslrial bo- 
dies tend ? 

In what, cases is the force of gravity 
equal ? 

In what part of the earth is it the least i 

Where is it the greatest, and how does 
it decrease ? 

By what law does it increase ji 



How is motion defined ? 

Is motion an imp6rtant agent in nature i 

With what kinds of motion arc we chiefly 
concerned i 

How are these sorts of motion illustrated i 

What experiments shew the particle^ 
floating in the air ? 

What are the things to be nodced with, 
regard to motion ? 

What is the consequence of the inertness 
of bodies ? 

What are the motive powers ? 

How is the velocity of motion estimated? 

How is the degree of velocity ascertained i 

Give me some examples. 

How is the space run over measured ? 

What is the reasou of this ? 
Give me an exainp\e. 
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To what does a body in motion tend ? 
When is motion in a straight line: and 
when in a curve? 

In what cases is motion in the same di« 
rection^ in which the moving force acts r 

What is meant by the coaiposition of 
motion i 

Look to figure 1 ^ and shew bow it is UIus* 
trated. 

What examples are there to prove the ex- 
istence of compound motion? 

What is accelerated motion ? 

What is uniformly accelerated motion i 

What examples prove it ? 

When is motion said to be retarded? 

How are the velocities of falling bodies 
estimated ? 

How are the spaces estimated ? 

Explain this by fig. Q. 

What is the corollary i 

Through how many feet does a body fall 
in a second ? 

How is the force of a moving body esti- 
mated, an^ what is it called ? 

When are the momenta of bodies equal ? 

Ilhistrate this by experiments? 

What is the inference drawn from this } 
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In ^hat case is a curve produced hy i^ 
moving body ? 

Produce an example. 

What do you mean by the centrifugal 
force ? 

What is the centripetal force ? 

What are called the central forces^ 

What do you mean by the centre of gra^ 

In what case will a body be at rest ? 

In what point is the weight of a body 
centered ? 

Where is the centre gravity of two o\ 
more bodies? 

Explain this by 6g. 3. 

What is meant by the line of direction I 

Why does a body stand or fall ? 

Explam this by tig. 4. 

What is inferred from this ? 

When does a body stand most firmly ? 

In what case is a body easily overthrown i 

In what cases does a body slide^^ aAd ia 
fi^hat does it roll? 

illustrate this by fig. 5. 

What are the examples given i 



^hat are the mephaniqal powers and for 
fvhat are they used t 
Is every machine made \vp ol >Xi^^\ 
. What circumstance* we \.o>oe x^««^^ 
fn treating bf mechamcaVeT^SCOfc^^, ^^ 
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^numerate the mecbanical powers. 
In what state is the po\;er of a macbine 
calculated i 



What i9 a lever ? 

How many kinds of levers are there, an^ 
how are they distinguished ? 

How is the power gained in levers calcMr 
lated? 

Describe the lever of the^rs^ Ifind. 

Mention some instances of levers of ibi^ 
kind. 

To what purposes are levers of this kin4 
applied ? 

Describe the lever of the secondkin^. 

In what instances is it applicable? 

Describe the lever of the Mtr^^kind. 

In what instances is this principle appl^« 
cable ? 

Why are the wheels in watch-work rec- 
koned levers of the third kind ? 

Shew how it is that the moveable bones of 
animals are constructed as levers of this 
kind. See fig. 11. 

How is the loss of power compensated ? 

What IS a hammer lever ? 

Explain this by figure IS. 

Why does a hai&tavei At«w ^^^ «^^x 
tboD pincers ? ' 
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What is to be allowed for tVictiou ia t 
Yppiication of the mechanical powers f 

How do you explain the maxini^that wt 
is gained in power is lost in time i 

What is the capital advantage of the a 
chanical powers f 

What IS the other advantage mentione 



What are the principal moving powei 

What power is most easily applied a 
first mover? 

Why is the weight used in slow moi 
ments? . 

In what respect is the spring like 
weight ? 

In what does it differ? 

Mention the example given. 

What is the most powerful agent ? 

To what is the force of running water 8 
plied ? 

Why is running water preferable to wi 
as a mover of machines i 
.What is the strength cf a man corapai 
with that of a horse i 



What do you mean by a pendulum ? 
What is meant by a N\\i\«X.\ovi\ 
Jiow are vibratious ip^t^otxaa^t 
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Are the vibrations slower in long or short 
pendulums ? 

What IS the length of a pendulum thai 
vibrates seconds ? 

is the pendulum that vibrates seconds 
longer at the pole or at the equator ? 

What is the length of the pendulum that 
vibrates half seconds ? 

What is the length of a pendulum that 
vibrates once in two seconds P 

How are the lengths of pendulums es<- 
ti mated i 

What is the chief cause of the irregularity 
of clocks ? 



What do you mean by a fluid ? 

How are fluids divided ? 

OF what does hydrostatics treat ? 

l\i what laws are fluids subject ? 

In what do they differ from solids f 

How do fluids press ? 

What experimentstihewsthe upward pres- 
sure of fluids f 

When is a iJuid at rest? 

How is the pressure of a fluid estimated? 

Mention the experiments to prove this. 

What pressure does the bottom of a ves- 
sel sustain ? 

Explain this by experiments audb^vXvA 
figures So and 26. 

How is pvc%%yir%.k^i\xSk.'9SsA^ 
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What inference is deduced from lliis? 

Whatis meant by the hjdrostatical para« 
dox ? 

Illustrate this by experiment. 

By what instrument is the upward pres« 
sure of fluids shewn f 

Of what does the hydrostatical bellows 
consist ? 



What is meant by the specific gravities of 
bodies ? 

With what are bodies compared U> obtain 
their specific gravities ? 

In what instance does a body sinkinailuid? 

How much will a body lose of its weight, 
when suspended in a fluid ? 

In what cases do bodies lose equal weights 
when suspended in fluids ? 

Why do bodies sink deeper in lighter than 
in heavier fluids ? 

When will abody remain at rest in afluid? 

When will a bocfy sink in afluid ?. 

Can you explain hy fig.^b. the use of the 
hydrostatic balaiuc ? 

How is the specific gravity of a body found? 
What do you mean by an hydrometer 9 
Of what use is the science of hydraulics 9 



What kindb of macVuive% ^e^eix^ w^XvX 
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Upon what principle are fluids convejed 
over hills f 

What is the principle upon which foun- 
tains act i 

Of what does the common pump consist ? 
. Can you explain the principle by means 
of fie. £9 ? 

What Is meant by a forcing pump ? 

Explain the principle by fig. 30. 

From what depth can water be raised by 
the common pump ? 

Is the forcing pump limited to any 
height? 

For what is the air-vessel used ? 

How is a constant stream obtained f 



Of what does the science of pucumiitics 
tr^t i 

Does the air surround the earth f 

What do you mean by the atmosphere r^ 

Why is the air not visible ? 

How is its existence ascertained ? 

Of what nature is the pressure of the air ? 

How is the pressure of the air discovered i 

Is the air compressible i . . 

What experiments prove it f 

Is the air elastic, and wha^ is the law that 
|i follows ? 

What ejcperimeuls ^toN^ >\\^ ^^^vscv-^ ^ 

ihm Mir f -«^K 



122 iJUESTIONf. 

AVhat 13 wind ? 

For what are air pumps used ? 

Explain^ by means of fig. 3J> the structure 
of the air-pump. 

How much heavier is water than air ? 

How is this ascertained ? 

In what cases are the surfaces of fluids at 
rest ? 

\Vhat will happen if the pressure be remo- 
ved from any part ? 

Do you recollect the experitnents that 
shew the pressure of the air ? 

To what is the pressure of the atmosphere 
equal ? 

By what means is the variation of the 
hei«»htof ihe mercury known ? 

Upon what principle is the barometer 
constructed ? 

What ii^ the usual altitude of the baro ! 
meter in London ? 

When the mercurv is low what weathei 
may be expected? 

What causes the expansion of the air i 

How. is the air condensed ? 

How is the density of the air estimated 
Describe the experiment by means of ^g 

33. 

In what part of the atmosphere if the air 
the densest? 
Is t m exact height of the atmosphere 
known i . At 
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At tvhat height is it incapable of refract- 
ing the sun's rays? 

By* what experiment is the resistance of 
the air to faUing bodies shewn ? 

By what experiment is mercury. ^fpfced 
ialo pores of wood ? 

Describe the expcnment of the brasft 
hemispheres. 

Can a square phial be broken by the. 
external pressure of the air i 

How is tiie spring of the air shewn ? 

By what means cun a phial be broken by 
the Hilernal spring of air ^ 

Row is a shrivelled apple made to appear 
plump and healthy. Can the air in an egg 
be made to expand so as to force out ail the 
contents ? 

How is beer made apparently to boil with- 
out the application of heal f 

W hy does smoke ascend ? 

Is air necessary to the propagation of 
sound ? 

Is air necessary to animal life ? 

What do you mean by an artiiicial foun- 
tain ? 

How is sound increased ? 

Can a phial be broken by means of con* 
densed air ? 



k 



^ ^ 
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Of what does the science of Acoustics 
consist ? 

Of what does Diacoustics treat? 

OFifebat does Catacoustics treat ? 

In what state is a sonorous body while 
sounding? 

What are the principal causes of the 
variety of sounds ? 

Upon what does the continuance of the 
vibrations of a sounding body depend i 

Explain this by the example. 

Shew me how it happens that the Tibra'o 
tions of a musical string are communicated 
to other parts of it,which might be supposefj 
to be at rest ; see fig. S6. 

bow fast does sound travel ? 

To what has the knowledge of the velo- 
city of sound been applied i 



Of what does light consist ? 
What is meant by a ray of light ? 
How much space will a candle fill? 
At what ratei does light travel ? 
How is it proved that the particles of light 
-are incomprehensibly small ? 

n^hat experuneuls \\\u%V.T«Xe this ? 
JJow do we attain l\\e\deaLO^\\^VX 
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How do we ^et the visible idea of bodies 

liJiistrate this by experiment. 

Does every point of a visible body reflect 
the rays of light ? 

How do the rays of light move ? 

What is the proof of this ? 

What is meant by a pencil of rays ? 

What is meant by a medium ? 

What is meant by parallel rays ? 

When are rays said to diverge ? 

When are they said to converge ? 

What is meant by a focus ? 

What is the imaginary focus? 

In what cases is the passage of rays of 
light straight i 

In what case do rays of light pass from one 
in^dium to another, in the same direction j 



When are rays said to be refracted J 

In what case are rays of light refracted 
^on'£/r(i5 a perpendicular ? Explain this by 
fig. 38. 

lu what case are rays of light refracted 
farther from ihe perpendicular? Explain 
tl}i»i by the figure. 

Shew me what fig. 39 is intended to prove. 

What do you mean by a lens ? 
- What is a plano-convex lens I 

What is a plajno-co\>^^Ne\^'cv%X 

What i> a double co\\\e%-\fc^^'^ -«Vss 
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What is a double concave lens ? 
What is a meniscus ? 
What is the axis of a lens ? 
What do you mean by the principal focil# 
of parallel rays ? 

What is the focal distance i 

To what is the focal distance oftLphtnO' 
convex lens equal i 

To what is the focal distance of a double 
convex lens equal ? 

How is the force of heat in a focus e$ti- 
mated ? 

Qiye me the illustraition. 

What are common burning glasses ? 

How does a globular decanter of water 
ad I 

Explain what is meant by (ig. 41. 

Where must a candle be placed for the 
jrays to become parallel upon going out of 
the lens ? 

How must it be placed for the rays to di* 
ferge, and how to converge ? 

Where is the inverted image formed ? 

Explain what is meant by 6g. 42. 

Under what circumstance does the pic- 
ture become larger or less than the object | 

What do you mean by the ima^inar^f 
focus? 

Explain this by fig. 43. 

What efiect does a plnxko^^caTe T^n^ 
produce upon paraUel i^"^^} 
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When are rays of light said to be reflect* 

ed? 

What do you mean by an incident ray i 

Explain this by fig. 38. 

What 18 the angle of incidence? 

What is the angle of reflection? 

What is the angle of refraction ? 

Explain these definitions by fig* 38* 

What is a mirror ? 

Of what are mirrors made ? 

How many kinds of mirrors are there i 

What are plane-mirrors ? 

To what is the angle of incidence equal ? 

Where will parallel rays meet after 
the reflection of a concave mirror ? 

Explain this by fig. 44. 

Where will the image of a celestial oh^ 
Ject be found after the rejection of a con- 
cave mirror ? 

Where will the image of a terrestrial 
object be found after reflection from a con- 
cave mirror? 

In what case is the image les^ than th^ 
pbject ? 

Ir^ yrhaf . caie is it larger i 

When is the image equal to the object 1 

What remarkable appearance happens to 
^person stwctiog before a coae^s^ 'QBCy\\5:9i^V 



Is Ijght a simple body } 

How are the ditTerent colours exatniQed? 

Explain this by fig. 46. 

Do you recollect the proportional parts 
of the different colours ? 

What effect is produced by mixing the 
primitive colours i 

Are the seven colours reducible to a less 
piimber ? 

What is the most remarkable instance 
of the separation of the primary colours of 

How is the rainbow formed i 
. Is it formed in any other other way than 
by drops of rain ? 



Of what is the eye composed i 
, What are the three coats ? 

What are the three humours \ 

Explain thi3 by fig. 47. 

How afe objects seen i 

Will you illustrate this ? 

Are the images of objects painted on the 
eye erect? 

Upon what does diqiness of sight de« 

Forwbat are spectacles used { 

For what eyes are concave glasses used 2 

Explain this. 

Wbea are convex gA%ssft%N««aVfc^\ 
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Explain the reason of ibis. 

Hovf near are objects seen distincllj i 



For what are microscopes used ? 

Do they magnify objects i 

What experiment illustrates this ? 

How many kinds of microscopes are 
there i 

What ^s the structure of the single n;ii- 
croscope, 

How is the magnifying power estimated ? 

Explain the structure of the compound 
microscope. 

How is the magnifying power of this 
estimated ? 

Give me an example* 

How is the object best seen } 

Upon what does the solar microscope 
depend ? 

Of what is it composed ? 

How does it act ? 

How is the magnifying power estimated ? 

Give me an example. 

For what are telescopes used ? 

Of what do'es the refracting telescope 
insist ? 

Do you see objects erect bv this } 

How is its power estimated t 

Oive me aa exam\)\e. ,^^^ 
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How is the refracting telescope constric- 
ted lo shew objects erect ? 

How is the camera obscura coastructed ? 

How is it made portable ? 

Explain this by rig, 49. 

What is the structure of the magic Ian* 
thorn ? 

Explain this by the figs, 50 and 51. 

What do you mean by a multiplying 
glass ? 

Explain its structure by fig. ^2, 



What do you mean by Astronomy J 

What are the celestial bodies } 

Of what figure is the earth } 

How is it proved ? 

What is the sensible horizon ? 

What do you mean by the rationd 
horizon } 

Which way do the heavenly bodteii ^ap- 
pei^r to move ? 

Why is rt called mid-day when the ana 
is at the meridian ? 

When you stand with your back to the 
north, how tire the Souths West^ and East 
situated ? 

What do you mean by the equator i 

How are the north and south poles of 
the earth situated ) 
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Iq what time does the whole sphere of 
the heavens appear to revolve ? 

Doffli the sun always rise and set on the 
same points of the horizon ? 

What is ttieant by the ecliptic ? 

What is meant by the obliquity of the 
ecliptic ? 

What is ibe zodiac^ and what does it 
include } 

How does ^he sun appear to move ? 

What is meant by the tropics ? 



or what does the solar system consist ? 

What are the names of the primary pla- 
nets ? 

To which of the plarela.are there moons ? 

Explain the solar system by fig. 53. 

How do the planets move ? 

What are the orbits of the planets ? 

Of what shape are ihese orbits } 

What is meant by a planet's year ? 

JHow is the day of a planet measured ? 

How are the planets seen ? 

Which are the inferior planets^ and why 
io called ? 

Why are the others called superior pla* 

nuets? 

How wit known that Mercury ^\AV^^>» 

go round tbe sua ) ax«« 
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How is it known that their orbits are 
witliin thatof the earth's ? 

When is a planet said to be ia eonjanclioQ 
with the sqn ? 

When is a planet said to be in oppositioa 
to the sun. 

Hdwmany conjunctions have the pla{iet9 
in each revolutien ? 

What is meant by the transit of a planet ? 

In what part of the orbit do the plaoiets 
move faster, and in whatslow€fr ? 

How large is the sun ? 

How is it known that the sun turns on its 
axis ? 

Wb^t does Dr. Herscbel think the gun is ? 

What is Mercury remarkable for ? 

For what is Venus remarkable ? 

When is Venus a mornings and wherv an 
evening star? 

What do you mean by the- transits of 
Venus and Mercury ? 

How is the Sun's distance ascertained } 

How is the earth described ? 

What do you mean by the antipodes i- 

What two motions belong to the eiirih -? 

Of what is the diurnal motion of Ibe 
earth, the cause, and why J 

By what is twilight occafioq^d ? ^ 

Isthe axis of the earth inclined ? " 

what does the ftcliaatioQ of ^tl)^ ^9U[^'^ 
ajsis occasion i v^.;\^ 
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Explain this by Plate IX. 

What is the luoon ? 

Hew far distant is it from the earth } 

In what time does the moon perform her 
revolution ? 

What is the length of the moon's year^ 
and day ? 

When is it new moon ? 

When is it full ? 

Explain the phases, of the moouj by 
Plate X. 

Is the earth a satellite to the moon ? 

How much larger does the earth appear 
to the moon, than she does to us? 

How is the moon seen ? 

Upon what do her changes depend i 

How is Mars known ? 

By whom was Ceres discovered ? 

When and by whom wa«? Pallas first seen? 

Who discovered Juno ? 

When was Vesta first seen ? 

For what is Jupiter remarkable ? 

How many moons are there belonging 
to Jupiter ? 

How are Jupiter's satellites eclipsed ? 
■ To what purposes have the eclipses of 
Jupiter's satellites been applied ? 

For what is Saturn remarkable i 

How many satellites are there belonging 
to Saturn ? 

How is the HerscVieVipVaia^V^ifeRtk^ ^ 
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How do they move i 
When are they visible I 
What appearance do they put -on when 
they approach the sun ? 



Whv are fixed stars so called ? 
How are they classed ? 
Why do they appear to the naked eye as 
innumerable ? 

How many are visible at once ? 

How are they divided ? 

How do th^y shine ? 

What is meant by the nebulae? 

For w hat purpose is each nebula destined ? 



When is a heavenly body said to beeclip* 
sed ? 

What eclipses are the most striking ? 
Why does the earth cast a shadow behind 

it? 

W^en does an eclipse of the moon take 
place ? 

At what time does it happen ? 
Why does it not occur every fall moon ? 
When is ah eclipse of the moon, full and 
when partial ' 
By what is an ^cW^^ ol ^^ vsai ^^^ 
siooed } ^^^^ 
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When does it happen ? 

Why does a small pan of the earth only 
suffer an eclipse atone time i 

What do you mean by an occultation ? 

Of what uae are the occultations of the 
fixed stars f 



To what are tlie ebbing and flowing of 
the sea owine: ? 

What eiiPect has attraction on the 
earth ? 

Where is the highest tide i 

When is it highest f 

Does the oval figure of the water keep 
pace with the earth i 

Why are there two tides in about 25 hours? 

What are spring tides t 

What are neap tides i 



Where is the electric fluid found ? 
Why is not this fluid commonly observed f 
When is a body said to be electrified f 
•Can you mention the experiment that 
shj^ws the effect of electricity ? 
What do you meaub^ cox\^>\^\.^\^ 
What is meaDlby T^ou-cio\jA\s5i\syt'^ ^^^ 
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Which are conducting substances ? 

Which are noa-conducting substances? 

Can all substances be made conductors ? 

When is a body said to be positively, and 
when negatively electrified ? 

When is a conductor said to be insula- 
ted ? 

What is a principal method of exciting 
the electric fluid i 

Under what circumstances is tbe electric 
fluid most powerfully excited ? 

Mention the experiment. 

When do substances repel each other ? 

When do substances attract each other ? 

Under what circumstances do the person 
that rubs the tube^ and tbe tube itself, be- 
come electrified ? 

Can you mention the experiments i 

Do the diiferent electricities accompany 
each other ? 

In what respect do conductors differ from 
non-conductors? 

If one side of a glass is positively electri- 
fied, in what state will the other be ? 

How can the two electricities be brought 
together ? 

What is the electric shock ? 

Can you explain tbe structure of an 
electrical machinCj fig. 54.? 
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When do electrified bodies repel each 
other ? 

What experiments prove this ? 

What do you mean by an electrometer i 

Explain its structure by fig. 55. 

In what case is the electric spark visible ? 

How is the equilibrium restored? 
. What do you mean by the electric shock? 

Is the motion of electricity very rapid i 

What happens when one $ide of a gla^s 
i«^- is electrified i 

Prove this by the e:(perimpqt« 

Does the electric fluid spread oo ^lass ? 

How is it communicated ^o th^ Whole sur* 
face of the glass ? 

How is electrified glass discharged ? 

What shaped glasses are used in elec? 
tricity ? 

Wh^t is the Leyden pl^ial ? 

Explain its structure by fig. 5<1 

[Mention theexperimeutperformed by this? 
. Whatdoyou mean by an electrical battery? 

Explain how it is used^ fig. 57* 

What experiments can be performed by 
the electrical battery ? 

In what way are buildings defended from, 
lightning? 

^ 3 ^^ 
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When does electricity put on the appei 
ance of a star^ and when a brush ? 

Can instruments be put in motion by tl 
electric fluid ? 

What is lightning ? 

What is thunder? 

What is the aurora borealis i 

Upon what do earthquakes^ &c. depend 



What 18 meant by the science of Galvai 
ism ? 

What is the diflPerence between ele<^'ridl 
and Galvanism i 

What parts of animals are most eaai 
affected by the Galvanic fluid ? 

By whom was Galvanidm discovered ? 

How did Gal vani discover it } 

Can motions be produced in dead anima 
by means of galvanism ? 

What experiments prove this ? 

How are conductors divided ? 

Which are the perfect conductors ? 

Which are imperfect conductors i 

What is the most sioiple Galvanic com 
bination ? 

When is the combination of the first^ an 
when of the second order ? 

What is requiaile \u Galvanic circles ? 
Give the example of a^\\eolx3ck^^t%\w^^ 
Jn what state >a iVve ^iLXx^m^^^^^ \ 
d^ctricf 
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Can the Galvanic effects be increased ? 

Explain by fig. 53. the nature of a Gal- 
vanic battery,also thatrepresentefJby fig.59» 

How can the GaWanic shock be given ? 

Shew me,by fig. 60. how any combustible 
substances can be inflamed ? 

What facts are explained by Galvanisoi ? 



What is meant by magnetism ? 

To what bodies can magnetic properties be 
communicated ? 

Do all magnets attract iron i 

To what point does a magnet at liberty 
move ? 

What are the poles of the magnet ? 

What is the directive power ? 

What is the magnetic meridian ? 

What is the declination of the magnet f 

In what cases do repulsion and attraction 
take place ? 

What is meant by the dipping of the mag* 
netic needle i 

Can magnets be made to impart their 
properties ? 

When is iron attracted by the mag- 
nets ? 

Which is at|;racted most powetf^aW^ ^V^wi^x 
sleeJ ? 
How is the magneUcoov^et ^erf&sofc^^^ 
kow destroyedi ^^ 
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How is the magnetic power incFeased i 

In what cases is the magnetic power m 
powerful } 

When will a magnet place itself in I 
magnetic meridian i 

How is it applicable to the steerioj 
ship ? 

What is the mariner's compass ? 

What do you mean bj the angle of de 
nation ? 

When is the declination east or west f 

What is the declination now? 

What is meant by the dip of the need 

What is a dipping-needle ? 

In what case Qoes iron become magne 

In what situation do iron bars bed 
magnetical ? 

What effect has lightning upon iron ? 

Howare artificial magnets made ? 

Is the power of the magnet dimini) 
by communicating its properties to oi 
bodies ? 

How is the magnetic needle made ? 

Explain the structure of the magn 
needle by fig. 6l, and 62. 
' Explain the structure of the marii 
compass, by fig. 63. 
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OF TERMS USED IN THIS VOLUME. 



ACCELERATED, one increase of swiftness conti 

nually added to a former increase. 
jiccousticSf the science that ti'eats of sound in ge« 

neral. 
jiction, the power of one body exerted on another. 
AcuUf sharp ; ending in a point; the h^gheit 

sound of an instrument. 
Adhesion, the union of two bodies simply touching 

each other* 
Adulterated, the mixture of some base matter. 
AJinity, a term used to express that property 

which different species of matter have ro 

unite with each other. 
Air-pump, a machine by which the air contained 

in bodies may be exhausted. See p. 4a. 
Amalgam, a mixture of mercury with some other 

metal, as tin, &c. 
Analogous, bearing some resemblance or proportion. 
Analysis, the resolution of ?l ^wV^^\^iv^^ \twVi \v^ 

t'onstituent parts. 
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AngUy the ends of two lines inclining to, and r 

ing each other, form an opening or co, 

called an angle. 
Ani/aaUuUZf the smallest of all possible ins 

which without the help of glasses, es 

the most piercing eye. 
Apex^ top, point* or summit. 
Aphelion^ the greatest distance of. a planet 

the sun. 
Apogte^ the sun's or moon*s greatest distance 

the earth. 
Apparatus J things to be provided for the pui 

of experiments. 
Aqueducts^ conveyances for water. 
Astronom^f the science which relates to the c 

tial bodies. 
Atmosphere^ the air that surrounds the globe c 

earth. - 

Atoms, the most minute and invisible par 

which bodies are formed. 
Axis, a direct line passing through the centr 

any body on which it may turn. 
Balance^ lever of the first kind, p. 19. 
— — • hydrostatical, p. 37. 
Barometer, an instrument which shews the vaii 

of the pressure of the atmosphere. Sec f 
Battery, electrical, p. 98. 
Bellows, hydrostatical, p. ^5. 
Bodies^ all those things which can be called 

stances, have a shape or form, and ms 

felt or known by the senses. 
Capacity, the quantity of room that a body h; 

receive other bodies within it. 
Capillary tubes, small tubes resembling hau 

their capacities. 
Cardtnal pointy oue oi tVv^ fovir principal poin 
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the compass ; the north, south, east and 

west, arc the four cardinal points. 
Catoptrics^ that part of optics which treats of vision 

by reflection. 
Cause^ that which produces an effect. 
Centre of gravity^ a point of a body, on which^ 

when suspended, it will rest. 
CAorotdesp one oi the coats of the eye* 
Cohesion^ the force inherent in all substances 

which prevents them from falling to pieces. 
Ctjniination^ the different ways that quantities or 

substances may be varied in order to pro* 

duce a new form. 
Compass^ an instrument dividing the horizon into 

32 equal parts; by this instrument marl* 

ners steer their course. Seep. 109. 
Composition^ a mixture of different ingredients to 

constitute one whole. 
Compound, a substance made up of many ingredients. 
Concussion, the act of bringing the parts of a body 

nearer to each other. 
Concave, a regular curved hollow. 
Condensation, the same with compression. 
Contraction, that kind of motion which makes a 

body shorten itself. 
Converging rfl^j, rays which incline towards each 

other till they meet in a point. 
Convex, a round form like the top of a watch* 

glass ; as a concave is hollow, like the in* 

side of a watch-glass. 
Cornea, the second or horny coat of the eye, con- 
taining the watery humour. 
Corpuscula, the smallest of all bodies. ^\ 

f^ubic inch, is an inch square, made into a solid hoif 

like a die, whose length, breadth and depth 

are equal. 
Cylinder, a body havinp; tyio ^^V ^wxW^^^ vcv^i^ft. 
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circular ; a tube or pipe completely round 

and uniform from one end to the other, is a 

cylinder. 
Density^ thickness; or that property by which 

bodies contain a certain quantity of matter 

under a certain bulk ; so that more matter 

under the same bulk is greater density. 
Diagonal^ a line drawn from angle to angle, and 

dividing a square into equal parts. 
Diamttr^ a straight line passing through the centre 

of a circle. 
Diaphanous^ transparent, allowing tlie light to 

pass through, as glass, air, water, &c. 
JHlatationy the act of becoming thin and wide, so 

as to preserve the same quantity of matter, 

but to acquire a larger volume $ contrary 

to contraction. 
Dimemion^ the measure of a body, either as it is 

long, broad, or deep. . 
Dioptrics^ that part of optics * which treats of the 

different refractions of light passing through 

different mediums, as air, water, glass. Sec, 
Diikf the face of the sun or moon being round| 

and appearing to our sij^ht as flat. 
Divergent rays^ rays which, goifcg from the point 

of any visible object, depart from each 

other. 
Divisibility, see p. a. 
Ductility of metals, the quality that metals have of 

becoming flexible, pUable, and of being 

extended. 
' M/ftrvescence, an intestine motion which takes place 
%J^ in certain bodies, occasioned by the escape 
y^' of the gaseous substance. 

Effluvia, the small and insensible particles that fly 

off from bodies. 
Siasttfity^ the powtv YiVucVi i. Xk^'i Vck* \a return 
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to its first situation, as a cane that is for- 
csbly bent flies back again. 
Electrical, bodies which have the power of attract- 
ing light substances to, them Without itiag- 
netism: amber, sealing-wax. Sec, when ex* 
cited by friftion are of this description. 

EleMcntsj the original, unmixed, simple parts of 
bodies, which are incapable of decompo- 
sition. 

Emaaation of Light, flowing round in all directions^ 
from a source or centre, as the rays of 
light from a taper or from the sun. 

Equilibrium^ equipoise^ equality of weight at eacH 
end. 

Evaporation, the conversion of fluids into vapour 
by heat. 

•ExhuU, throwing forth vapours, from the surface 
only. 

JSxpanstM, the swelling or increase of bulk. 

Exptrimcnt, a trial made on natural bodies for the 
purpose of discovering their qualities or 
their properties, and ascertaining their 
causes and effects. 

Faces^ small surfaces ; a superficies cut into ser 
veral angles. 

Fibrts, fine ligaments or strinc^s, tough and longi 
the middle part of which is very fleshy. 

Filaments, thin, slender threads ; also small fibre 
which make up the texture of the muscle!^* 

Fluids f any thing not solid ; bodies which are supi 
posed to be ^lade up of particles so vei 
small and round, that they are easily ^ 
in motion. 

Finite^ that which ha^ an end \ it also means 
terminate. 

/fcfjy the point wherein the rays are collected 
after they have uadct^otwt \^lt^cC\w w. ^.^^ 
iicction. 
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Focif plural of focus. 

Form^ the external appearance or shape of any 

thing. 
Frangible, easily broken. 
Friction, the rubbing of two or more bodies against 

each other. 
Fulcrum, a prop. 

Fusion, the act of melting, the state of being melted. 
Galvanism, see p. lOO. 
Gas^ all solid substances when converted into per« 

manently elastic fluids by means of beat, 

are called gases. 
Globules, small round bodies. 
Grain, the weights here following are generally 

used in the experiments ot natural phi)|os<S« 

phy. 
One pound contams 12 ounces, or 240 penny- 

weights, or 5,760 grains. 
One ounce contains 20 pennyweights, ol: 480 

grains. 
One pennyweight contains 24 grains. 
Gravity, Sveight, heaviness, tendency to the ceatrei 

• specific, see. p. 36. 

H misphere, the half of a globe, or sphere. 
Heterogeneous, consisting of parts unlike each oi'lier. 
Horizon, the line that terminates our view o^: the 

sky. 
Horizontal, level with the horizon. 
Humours, parts of the eye, of which ther* are' 

tliree, the aqueous, the crystalline, andt the 

vitreous; seep. 63. 
Jjl^raulics^ the science that teacheshow to esti mate 
Fy the force of fluids in motion. 
^drometer, an instrument for obtaining the speci- 
fic gravities of liquids. 
Hydrostatics, the science which treats of the nature* 

gravity, pressure atv^ wviV-siXk of fluids, and 
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BjpothesiSf supposition; principle laid down, and 
to be taken for granted. 

^gnevits, <he property of those bodies which com- 
municate fire. 

InpelUdj pushed or driven onwards. 

Inch square^ is a portion of any substance of four 
equal sides, every one of which is an inch 
in length. 

ImUned Plane, a surface that slopes or inclines to the 
level of the horizon : one of the mechanical 
powers. See p. 25. 

Itiertness, the state of being quite still. 

Ir^nittj without end} indeterminate. 

Inflexibility, incapable of being bent. ; 

Integrant parts, are those which collectively make 
up a whole body. 

Interstice, space between one thing and another. 

LaycTf a thin covering of any one substance spread 
upon another. 

Lens, a glass made of a peculiar shape. See p. 54* 

Lever, any contrivance to enable us to raise a body 
that is either too heavy or too inconveni- 
ently placed to be raised by the mere 
strength of the arm : one of the mechanical 
powers. See p. 18. 

Line of direction, is that line which proceeds from 
the centre of gravity to the earth. 

Magic lanthorn. See p. 70. 

Matter, is every substance that may be felt, di- 
vided, put in motion, or stopped, and is ex- 
tended in length, breadth^ and depth. 

Mechanical powers. See p. 17. ,^\ 

Medium, any substance through whiclif bodies mO^»- 
as air, water, vapour, &c. 

Media, plural of medium. 

Microscope, an instrument by means of which the 
most minute ob)CcU ^t^ tcsaAfc •a>>$^^'*x^vxv=^ 
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the eye, and every part distinctly^ 

p. 66. 
Mirror^ any polished body that forms images o£ 

objects by reflection. See p. 59. 
Moving Powers^ tee p. 29. 
Muscles, the principal organs or promoters of mo- 

tidn in all animated bodies. 
Nojuelastic^ bodies that do not restore themselyes 

to their former figures after having beta 

struck or bent by other bodies. 
Oblique, aslant, or forming an angle with the per* 

pendicular line. 
Obttcse, blunt, the contrary to acute. 
OloaginouSy partaking of the nature of oil. 
Opacity, cloudiness: want of transparency. 
Opaque, dark, obscure, cloudy, the contrary to 

transparent. 
Optics, the science which explains the properties 

oMight. See p. 50. 
Organ, the instrument of some faculty ; thus tke 

eye is the organ of sight. 
Parallel, lines are parallel to one another, when 

they are every where equally distant froar 

each other. 
Particles, the very smallest points or atoms that 

can be conceived to enter into the compo. 

sition of bodies. 
Pendulum, Seep. 31. 
Physics, natural philosophy, or that science which 

treats of the powers and properties of bodies 

in their natural state. 
Plam, a flat surface, level with the horizon* 
PmUmatics, the doctrine of ihe air; and of the 

efl^ects dependent on its properties. Seep. 4. 
Plane, inclined, one of the mechanical powers . See 

p. 24. 
Pores, small openings foMud b^Xw^eu the particles 
of all bodies. 
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Prisnii a prism of glass is a glass bounded with two 

^ualafid parallel triangular ends, and three 

plane sides. See p. 6i. 
Process, the way of proceeding in, and conducting 

any experiment. 
Proportion^ comparative relation of one thing to 

another; ratio. 
Pulley, one of the mechanical powers. Sec p. ^y 
Pump^ See p. 38. 

forcing. See p. 39. 
Pyrometer^ an instrument for ascertaining the cx« 

pansioxi of solid bodies by heat. 
Quality, the property by which one thing is dis- 

, tinguished from another. 
QywUity, that property of any thing which may 

be increased or diminished. . 
QjMtient, in arithmetic, the number produced by 

the division of two 'given numbers one by 

the other. 
Rarefaction, the same with dilatation. 
May, a beamof light emitted from a luminous body. 
Radius, a line which proceeds ft-om the centre of 

a circle, and ends in its circumference. 
Recipient or receiver, that part of the air-pump, 
' which incloses the bodies that are put 

therein.. 
Ruction of the rays of light, is their return, after 

their approaching so near the surfaces of 

bodies as to be driven backwards. 
Refraction of the rays of light, is when they pass 

obliquely out of one medium into anotjier* 
Sdatton, the connection that two quantities have 

to each other with regard to their size or 

magnitude. 
Repulsion, a principle whereby the particles of 

bodies are prevented from coming wvto -asl^ 

tual contact. , . 

Seiarded, velocity or SYf\iVivt&^ cotv>:\\\nn^J^H ^^^^' 

uished. ^ "i 
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Retina^ the expansion of the optic nerve, on the 

inner surface of the eye, is so called from 

its resemblance to a net, 
Rtverberatiorii the act of a body repelling anorner 

after its striking on it. 
Rotation^ a wheeling round itself. 
Science, a clear, obvious, and certain knowledge 

of things founded on truth. 
Scintillation, sparkling ; the trembling and twink- 
ling motion of the stars. 
Sclerotica, one of the coats of the eye. 
Screw, one of the mechanical powers, see p. 37* 
Simple bodies, the same with elements. 
Sine, a right line drawn from one end of an arch, 

perpendicularly upon the diameter drawa 

from the other ^nd of that arch. 
Siphon, an incurvated chemical tube or pipe. 
Solar, belonging to or proceeding from the sun." 
Solids, the parts containing the fluids; hard bodiet 

having length, breadth, and thickness. 
Solution, the perfect union of a solid substance 

with a fluid. 
Space, room, local extension, any quantity of 

place or of time. 
Spectrum, see p. 62. 
Sphere, a globe 5 a body of which the centre is at 

the same distance from every point of the 

circumference. 
Substance, being; something existing; solid, aot 

emptv ; that which makes a being perceir* 

able oy the senses. 
Superficies, the whole of the outward parts of - 

bodies ; surfaces. 
Surface, superficies, outside ; that of which we 

only consider the length and breadth. 
4^ringe, a pipe through vVi\cYl «iw^ W^Mor \a 
squirted. 
^^Mgtnt, a Jine that just gvwfcc* v\v^ %>ixUr^ ^^% 
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circle, or touches it in only one point. 
Tehicopty an instrument for viewing distant ob- 
jects. See p. 68. 
Tension, a bending or stretching out by the force of 

another body ; the state of being stretched^ 
Tentttty, thinness ; smallness, minuteness. 
Texture, the manner in which the elements of any 

particular body are interwoven with each 

other. 
Thermometer, an instrument to shew the relative 

heat of bodies. 
Vaccnum, a «pace unoccupied by matter. 
Vapours, the minutest particles of any fluid raised 

into the air by means of heat. 
Velocity, swiftness; the property of a moving body 

to run over a certain quantity of space in a 

certain portion of time. 
Vertical^ in a direction perpendicular to the horizon. 
Vibration, the quivering of a musical string with 

quick or slow motion, producing sound. 
Vitrify^ to be changed into glass. 
Void, a vacuity or space wherein nothing is con- 
tained. 
Volatile, bodies that are apt to evaporate are said 

to be volatile. 
Volume, the quantity of room that any substance 

or body takes up in space. 
Vertex, a fluid of any kind, in which the suction 

is circular. 
UnduUuicn, a motion like that of the waves^ wav. 

ing to and fro in the air. 
Unison, one and the same sound ; the agreement 
of two notes or strings of an instrument in 
jone and the same tone. 
JVttter^ a transparent elementary liquid, tasteless^ 

without ColoVXT OT O^OWT. 

fVetfge, one of the mtt\\Aw\c^\ ^^^«^\^ **• X^^^^ 
with a siiarp «4^e* S*^ ^. •»& • 
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fVeekyContVLin^ 7 days, 168 hours, or lO^oSo minutes. 
IVkeel and Axis, one of the mechanical powers. See 

p. 22; 
Zenitky the point in the heavens over head. 
Zodiac. See p. 74. 
Zone^ a division of the earth, with respect to the ^ 

different degrees of heat found in different { 

parts ; there are the torrid^ the two temperate^ 

and the two /rigid zones. 
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•»♦ Mo«t of the following School Books are so well known among 
Teachers of Experience and Intelligence, that it would be »uper* 
ilnoua to remark on their Cliim to Attention and PrefiMence The 
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jBy tbe Author of the Gkawiuak of Philosophy. 

THE FIRST CATECHISM for Children; 
containing common things neceflary to be 
known at an early age, price nine pence. 

READING EXERCISES, for the ufe of 
fchools, being a fequel to Mavor's Spelling-Book, 
snd an introdiiflion to the Clafs Book, price half« 
a-crown, illuftrated with numerous cuts. 

The CLASS BOOK ; or Three Hundred 
and Sixty-five Reading Lessons for Schools 
of either fcx ; combining, with the elements of 
all knowledge, a greater number of reading exer- . 
cises, from the beft authors, than are to be found 
in any other work of the fame defciiption t every 
leflTon having a clearly defined objet:t, and teach- 
ing fome principle of fcience or morality, or fome 
important truth. By the Rev. David Blair. 

The LONDON PRIMER; or, Firll Book for 
Children at the earlieft age : intendci as an in- 
troduction to Dr. Mavor's and tlie various other 
Englifb Spelling Books. Price 6H. 

An ENGLISH SPELLING BOOK^ accawv^ 

Xanied by a progrcflive fenc% ol fa.^^ axA \axsv<S>c?sx 
eifoas, adapted to the cjL^^c\v\«i^ ^'^ Ok^^^^^-* 
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and EmbclUnied with a variety of Engravings y 
the whole intended to furnifh, for the ufe of 
fchools, an improved introductory book to the 
firfl elements of the Engliih Language. By W. 
Mavor, LL. D. Vicar of Hurley, in Berklhirc, 
Chaplain to the Earl of Moira, &c. The Thir- 
tieth Edition, revifcd and improved, price is. 6d. 

The BRITISH NEPOS, conlilHng of felcd 
lives of thofe illuftrious Britons who have bceo 
the moft diftinguiftied for their virtues, talents, or 
remarkable advancement in life, interfperfed with 
practical reflections, written purpofely for the ufc 
of young perfons, on the obvious and important 
principlt! — that example is more powerful and more fem 
duElive than precept. By W. Mavor, LL.D. &c. 
the ei^',hth edition, urice 5s. bound. 

A Selcaion of the LIVES of PLUTARCH, 
abridged for the ufe of Schools. By W, Mavofi 
JLL.D. &c. price 5$, bound. 

SCRIPTURE BIOGRAPHY, or the Lives 
and Characters of the principal Perfonages record- 
ed in the Sacred Writings, praftically adapted io 
the indrudtion and improvement of youth. By 
the Rev. John Watkins, LL.D. price 5s. bound- 

The ELEMENTS of NATURAL HISTORY, 
for the ufe of fchools ; founded on the Linnean ar- 
rangement of animals, with popular .defcriptions 
in the manner of Goldfmith and Butfon. By 
William Mavor, LL.D. A new edition, price 6s. 
bourtd, illuflrated by 50 engravings, reprcfeuting 
200 of the moft curious objedts. 

The ELEMENTS of a POLITE EDUCA- 
TION, carefully feleftcd from the letters of the 
Idte Philip Dormer Stanhope, Earl of Chefter- 
field, to his fon. By George Gregory, D. D. au« 
thor of Elfays Hiftorical and Moral, of the Eco- 
nomy of Nature, &c. A new edition, in one ?o» 
Jume, price 5s. bound. 



HatBlIypuhliihtdhg R. PHILLIPS. a 

CLASSICAL ENGLISH POETRY, leUatd 
for the ufe of fchooU and young perfons, from the 
beO authors, with Tome original pieces. By Dr. 
Mavor, and Mr. Pratt ; with a preface indicating 
thefevtral fpecies of Poetry, and their bell modes 
of recilHtion. In one clofely printed volume, duo- 
decimo, price js tid. bound. 

A UNIVERSAL HISTORY, ancient and mo- 
dern, comprehending a general view of the t[anf. 
aflionsof every nation, kingdom, and empire on 
the globe, From the earlicit accounts of time to 
the general peaceof 1801, in 1$ volumes. ByW. 
Mavor, LL.D. vicar of Hurley in Berklhire, 
chapkinto theEarlof Moira, author of the Britilh 
|4epos, &c. &c. 

The Englilh language has hitherto been wiihoot 
any complete and popular view of Univerfal Hif. 
iory. It will be immediately confelTed by every 
competent judge that BolTuet is at once too Ihort 
■ and unfatiifactoi7 1 that Voltaire is too gay and de- 
Jultorj', and thatthe great EngliOi Univc.fjl Hif. 
. tory 13 rather to be confulced like a Di£lionary< 
than to be penifed as an analyfis of thefubjcf) tq 
which it relates. What thefe writers have not 
done, has been attempted by the author of the 
prefent work. He has been folicitous to avoid the 
cxtremci of prolixity and brevity, and to beat 
cnce diitin>:t, plealing and comprehenfivc. This 
Work has, therefor*, proved a v^iluable acfjui- 
fition to all Young Perfons, to Public Schools, to 
Ladies, to Circulating Libraries, and, in general, 
to all Persons who do not make Literature the 
fcufinefs of their Lives, and to whom the Univer- 
fal Hiftory in fixty-fii oQavo vohimei is either toq 
voluminous or tooe^tpenfive. 

Division of the Ancient History. 
Vol. I, A Preliminary View i Period before tbft 

Deluge, &c. 
VoJ. t, Jews, AflVvians, lab-i\w\a.iis., U^i. 
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Vol. 3, Grecian States. j 

Vol. 4, Grecian States. , | 

Vol. 5, Roman Republic. \ 

Vol. 6, Roman Empire. 

Vol . 7, Roman Empire and Carthage. 1 

Vol. 8, Medes, Perfians, Phceniciuns, Sec. Sec. 
Vol. 9, Celres, Goths, apd Minor Nations of An- 
tiquity. 
Division of the Mqd£RN H(stort« | 

Vol. 10, Arabs and Turks. I 

Vol. II, Hindodan, China, &c* 

.Vol. 12, Otroman Empire, Japan, See* \ 

Vol, 13, Egypt, Abyflinia, &c. j 

Vol. 14, Morocco, Malta, Congo, Sec. I 

Vol. 15, Portugal and Spain. 
Vol. 16, Italy, Venice, Naples, Sec, 
Vol. 17, The German Empire. 
Vol. i3, Priilfia, Hungary, Holland, ftnd.S^t* 

zcriand. 
Vol. 19, England. 
Vol. 20, England. 
Vol- 21, Ireland and Scotland. 
Vol. 22, Riiflia, Poland, Sweden, and Denmark* 
Vol. 23, France and Navarre. 
Vol. 24, North and South America, and Weft In- 
dies. 
Vol. 25, Chronological and Alphabetical Index. 
%* Thofe perfons who may choofe to purchafe 
the entire work v/ithout waiting for the monthly 
publication, are informed that the two editions 
may be had of all book fellers, done up in the 
three kinds of bindings at the following prices: 
Common Paper, complete in boards . £^ 13 6 
Ditto Ditto half bound ..... 5 o o 

Ditto Ditto calf gilt S 'S ^ 

Fine and Urge paper in boards - . • . 6 5 o 
Ditto Ditto half-bound ..... 6 16 6 

Ditto Ditto calf gilt ...... 7 10 o 

A FATHER'S GlYT vo V\^ CHILD RJiNi 
foaniting of original EiraL^s»1iX^*,'«^V:i^^^^«^ 
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tipns, &c. written for the nfe of theauthor^s own 
children. By W. Mayor, LL. D. Vicar of Hur- 
Jey Berks, and Chaplain to the Karl of Moira, in 
two volumes, price 9s. in bo4rds, or los. $d. 
bound. 

The WONDERS of the TELFSCOPE ; or, a 
Difplay of the Wonders of the Heavens apd of 
the Syftem of the Univerfe, written in a familiar 
and popular manner, adapted particularly to the 

fierulal of young perfonf, and efpecially calcu- 
ated to promote and limplify the Ihidy of Aftro-. 
^omy to perfpns of all ages, llluflrated with 
numerous large copper plates on a plan entirely 
hew, price four ihillings and fix-pence. 

The WONDERS pf the MICROSCOPE; or, 
a Difplay of the Wonders of the Cre<ition, in oh- 
jefts comparatively minute, illudrated with very 
large plates, price 3s. 6d. bound > 

A Biographical, HiHorical, and Chronological 
DICTIONARY, containing a faithful account of 
I he lives, actions, and chara^^iers of the moil emi- 
nent perfons of all ages and all countries. By 
John Watkins, A. M. LL. D. A new and en- 
larged edition, in one very large volume Oi^lavo, 
price 15s. in boards. 

This new edition is clofely printed in a new Bre- 
vier Type, and enlarged by the addition of the 
authorities to each article, and of at lead two 
thoufar.d new articles, making a total ef upwards 
of twelve thoufand names, or four thoufand more 
than are contained iii any other Biographical 
Pidlionary. 

As a complete work of ufeful reference on every 
fubje^t of Biographical, Chronological, apd Hil- 
torical Enquiry — as a necefTary appendage to every 
Library— as an indifpenfible Manual for (ludenti 
pf every defeription— and as a book of inftru6lion 
for the ufe of fchooU and young perCon^ — tlvv^s 
Di^ionary may be honcil\Y fe^^X^ wi^'«*^*^^'^ 
ia the EngliQk language. 
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The BOOK of TRADES,or Library of the ufe, 
fill Arts, in which every Trade is illuftrated with 
feparate engravings, and its Hiftory, Utility, pre- 
fent State, Advantages, and Difadvantages, are 
fully and accurately defcribed. In three parts, 
cither part to be had feparately, price 3s. each, 
handfomely half bound. 

POETRY for CHILDREN, cpnfifting of Se- 
le6lions from the befl Poets, interfperfed with ori- | 
ginal Pieces, by Mifs Aikin^ adapted to Children 
between the age of fix and twelve, price is. 

SCRIPTURE HISTORIES; or, Bible Stories 5 . 
confiding of a fele6lion of all the intereding nar- 
ratives and infulated Biographies and Hiuories 
contained in the Old and New Teftament, in the 
language of thofe Holy Scriptures ; printed in ^ 
large type, for an early age, with copper-plates, ' 
in two volumes, 4s. half.bound. i 

The LETTERS and other Works of the Right 
Hon. Lady Mary Wortley Montagu, now nrft 
publifiied, by permiflion, from the original ma- 
nufcripts in the pofTeflion of the Moil Noble the 
Marquis of Bute. The fifth edition^ in five vo- 
lumes, foolfcap oflavo, price il. 5s. in bQards. 

The ENCYCLOPi^piA of WIT j contain- 
ing upwards of three thoufand of the befl Bon 
Mots, laughable Anecdotes, and pieces of genu- 
ine Wit and Humour, ei^iding in the Englifh lan- 
guage ; being the mod complete, pure« and claf- 
iical collection of this kind ever publidied. A 
new edition, price 6s. in boards, or 7s. bound. 

The ELEMENTS of LAND-SURVEYING 
in all its Branches, practically adapted to the ufe 
of Schools and Students ; and including Practi- 
cal Geometry; Trigonometry ; Land Meafuring, 
by the Chain, Plane Table, Theodolite, and other 
Indruments ; the entire pra6^ice of Hilly Ground, 
the Divifion of Lund \ Plotting and Mapping ; 
jlfunvsLtcd by b\gh\Y«ft.ittftit^ x.w^v\n\\m^%^ i^Uiq, 
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and coloured ; Complete Tables of Sines and Tan* 
gents, Logarithms, &c. &c, &c. By Abraham 
Crocker, Land Surveyor, of Fromc, in Somerfet- 
fhire. llluflrated with a greater variety of cop- 
per-plates than any other work of the kind, and 
alfo with upwards of one hundred wood cuts, price 
^s. bound. 

A DICTIONARY of MUSIC; to tvhich is 
prefixed a familiar Introduction to the Science of 
Harmony. By Thomas Bu(by, Muf. D. In one 
elegant volume, foolfcap o(5lavo, price 6s. in bds. 

The HISTORY of ENGLAND to the Peace 
of Amiens 1802, with views of the ftate of fociety 
and manners in each age, written in a feries of 
letters, addrefled to a young Jady at fchool. By 
Charlotte Smith. In three volumes iimo* price 
15s. bound and lettered. 

ANIMAL BIOGRAPHY, confifling of au' 
thentic anecdotes and chara6teriftic Iraits of Lives, 
Manners, and Economy, of the whole Animal 
Creation, collefted from fevcral hundred of the 
bed modern Voyages and Travels, and from ex- 
penAve and fcarce works of natural hillory, in va.* 
rious languages. By the Rev. W. Bingley, A. B. 
Fellow of ins Linnean Society, and late of St, 
Peter's College, Cambridge. In three volumes^ 
8vo. the third edition, conliderably enlarged, price 
jl. los. in boards* 

A TOUR through Great Britain, in which the 
various great Towns, Manufactories, and Curio- 
lities, are familiarly defcribcd, in a feries of let- 
ters from a young Gentleman to his Sifter j price 
3s«6d. half bound. With views and a map. 

The JUVENILE PLUTARCH, containing 
the lives of celebrated Children, and accounts of 
the early progrefs of remarkable men, calculated 
to excite in young minds a fpirit of emulation, 
with plates. In two parts, ^ncea^.^^;t.'d2^% 
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UNIVERSAL HISTORY abridged ; contain, 
ing a popuLat view of the hiftory of the world ; 
abftra<5led from the great hiftory of Dr. Mavor, 
with maps, 2S. 6d. 

The TRAVELS of ROLANDO round the 
world, explaining in a familiar and entertaining 
manner, the ciiftoins, curiolities, and productions, 
of various countries in remote parts of the world, 
illaftrated with various plates. Tranflated from 
Jauffret, by Mifs Aikin. In four volumes, price 
twelve fh 11 lings .^ 

A VISIT to the FARM HOUSE, in which 
the nature, principle!;, and economy of Farming and 
rural Buiinef's is defcribed, in a pleadng and po- 
pular manner, illuftrated with a variety of eiw 
gravings, price 2s. 6d. each. 

VISITS to the MENAGERIE, and the BO- 
TANICAL GARDEN, in which the mott ftrik- 
ing fa6ls in Natural Hiftory, and the firft princi- 
ples of Botany, are agreeably explained ; price 
2s. 6d. 

A VISIT to LONDON, in which the BritiOi 
Metropolis is defcribed in a pleaftng and familiar 
manner, price is. 6d. with views. 

A GEOGRAPHICAL GAZETTEER, anew 
edition, corrected to the prcfent time, and gene- 
rally coulidered the beft work of this kind, with 
maps. By R. Brooks, price xos. 6d. boundw 
• The BRITISH NEPTUNE; or, Naval Hiftory 
of Great Britain, from the earlieft records to the 
Battle of Trafalgar, Illuftrdted with eight views 
of the moft remarkable Naval Victories. By 
William Burney, A* M. and Mafter of the Naval 
Academy at Gofport. In one volume, price 6s. 
bound. 

The NAVAL PLUTARCH, confifting of the 

Lives of our moft renowned Admirals and Com- 

njanders, written on tVie \^Ua of Mavor's British 

Nepos, intended as a comY^.vv\oiv xok \}cifc ^\^5:tiding 
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work, and calculated to excite a fpirit of Emu. 
lation among junior Officers, with portraits. . 
By William Burncy. Price 6s. bound. 

The LIFE of GENERAL WASHINGTON, 
Commander in chief of the American forces during 
the war which eftabliftied the independence of his 
country, and firft prefident of the United States ; 
compiled under the infpe^lion of his nephew, the 
Hon. Buflirod Waftiington, from original papers 
bequeathed to him by his deceafed relative. By 
John Marftiall, Chief Juftice of the United States, 
&c. &c. To which is prefixed an lntrodii6lion, 
containing a compendious view of the colonies 
planted by the Englifh on the continent of North 
America. Vols. I, II. III. IV. and V. which 
completes the work. Elegantly printed in 4to. 
price il. IIS. 6d. each in boards. 

Another Edition, printed in demy o£lavo, price 
xos. 6d. each volume in boards. 

FEMALE BIOGRAPHY ; or. Memoirs of 
remarkable and illudrious Women of all ages and 
countries, impartially and faithfully, compiled 
from the mod authentic fources, and' arranged 
alphabetically. In fix handfome volumes, iimo* 
price il. lis. 6d.in boards. 

WALPOLIANA; confiding of original bon 
mots, apophthegms, obfervations on life and lite- 
rature, with extracts from unpublifhed letters of 
the late Horace Walpole, Earl of Orford. Intwo 
elegant volumes, foolfcap 8vo, price 9s. in boards. 
ADDISONIANA ; a work relating to the 
life, times, and contemporaries of Mr. Addifon, 
on the fame plan %i the Walpoliana; embellifhed 
with portraits, &c. and with feven letters of Mr. 
Addilon never before publiflied, exaftly engraved 
from the originals. In two elegant volumes^ 
price I OS. 6d. boards. 

SW J FT J ANA; reAaitin^ toT^t^wSnCv^v^ ^.^ ^>^ 
flan of the twq preceding, vi\N.\v^wVc^>2^^'*'^^^ 
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fac-fimilies of Swift, Bolingbroke, Voltaire, and 
others of fii-s contemporaries. Ih two elegant vo- 
lumes, los. 6d.bo.irds. 

BROOK! AN A; confiding of original anec- 
dotes, '/apers, and obfervations of Henry Brooke 
Er<j. author of the Fool of Quality, Gu(^avus 
Vafa, Sec. &c. compiled by Charles Wilfon. Twa 
voliimf's. los. 6d. boards. 

The bPlRrr of the FRENCH ANAS, or fe- 
le6lions from the French Anas, interfperfed with 
biographical Iketches, and forming one of the moft 
inlerefting and entertaining books in our language. 
In three c!<;gant volumes, fmall oclavo, with por- 
traits, 15s. boards. 

A Pr aical TREATISE on DIET, and on 
the molt f..lutary and agreeable means of fup« 
porting life and Health, by Aliment and Regiiren. 
Adapted to tlie various circumftances of Age 
Conltii^ution and Climate ; and, including the ap- 
plic.ition of modern chemiftry to the culinary 
prepararion of food- By William Nifbet, M. D. 
In one volume duodecimo, price 6s. in boai-ds. 

The HISTORY of ENGLAND, in a feries of 
letters from a Nobleman to his fon, (commonly 
afcribed to the late Lord Lyttleton) two vols. 8s. 
in (heep. 

A DICTIONARY of Polite Literature ; or. 
Fabulous Hiftory of the Heathen Gods and illuf- 
trious Heroes, with numerous plates, in two vo- 
lumes price 1 8s. in boards, large paper, and 13s. 
fmall p. I per. 

TALKS of the CASTLE ; or Stories of In- 
ftruction and Delight, trauflated from the French 
of Marniontel. By Thomas Holcroft. A new 
edition, revifed, in five volumes, price 17s. 6d. 
bound. 
The FABLES of iF.^O?, V\\}cv K^^VvcaLtions. 
ByS CroxalU D. D. :is.6<i.\>^. 
Fj\BL'ES of wffiSOV, a\\^ ovXv^it ^\x^^x%. ^^ 
Robert iDoddey, 3s. boutid. 
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The HISTORY of Rome, from the foundation 
of the eitv of Rome, till the termination of the 
Eidirn Empire. By Wiltixm Mavor, LL. D. In 
three volumes, royal iBmo. price 15s. bound, or 
upon commun paper, price 12s. bound, ilhiftrated 
. with maps and prints. 

Dr, Goldfrnith's HISTORY of ENGLAND, 
abridged, 'or the life of fchools, with feverai 
copper-plate', price 35 i5d. bound. 

An EASY GRAMMAR of HISTORY, An- 
cient and Modern, containing a brief cxpreflion 
of the leading fncts in Hiftory, written fo ;is to be 
committed to m^Tiory, with queftions and exer- 
cifej, by means of which Hiftory may be tayght in 
Schools, on the a.pproved plan of Goldfmiih'i 
eafy Grammar of Geography. By the Rev. /. 
Robiafon. Mailer of the Free Grammar School, at 
Ravenflonedale in Weftmoreland ; with plates, 
price ]s. bound. 

An EASY GRAMMAR of GEOGRAPHY, 
feeing an Intioduclion and Companion to the 
Iarg:r work of the same Author, publiHied under 
the 'title of Geography on a Popular Plan, and ef. 
Icemed the moft praflical work of this kind ex- 
tant. By the Rev. J. Goldfmith. Illultrated 
with a variety of Maps, Sec. is. fid. bound in red. 
GEOGRAPHY on a POPULAR PLAN, for 
the ufe of schools and yotma perfons; containing' 
all the interefting and amiifing features of Geogra- 
I^hical Science, and calculated to convey inltruc- 
lion by means of the ftriking and plealing alTocia 
tioni produced by the peculiar manners, cuftoms, 
and charaAeriftics of all nations and countries. . 
By the llev. J. Goldfuiith. A fecond edition, 
conliderably enlar^d and Improved, tlluflrated 
with upwards of Rmy beautiful engravings, re. 
prefenting the dreiTct, cnftovm, -m^^ ™aw-*'^^*w-^ "^^ 
uU nations, with namtTOUt xtim^, <*«.. ■%tn«i ■!.■». 
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I* confiding of fifteen Outline Maps of thc^ Qiiarttrs 
and principal Countries in the World, including 
three ancient Maps, engraved of a competent fize, 
and printed on fuperfine drawing paper, for the 
purpofe of being filled up from any ordinary Maps, 
by junior clafles of Students of Cieography. 

Alfo, The GEOGRAPHICAL COPy.BOOK, 
Part II. Confiding of the Lines of Latitude and 
Longitude accurately drawn for the fame fet of 
Maps, defigned to be filled up by the fenior clafles 
of Students of Geography, or by thofe who have 
prcvioufly filled up Part I. By the Rev. J. Gold- 
fmith. Price Three Shillings each, wiih the full 
Allowance to Schools. 

A Moment's Infpedtion of thefe Copy.Books 
will fpeak more in their praife than a volume of 
commentary. A grown perfon may, by means of 
them, become a proficient in Geography in a ftw 
weeks, and a young perfon at fchool may acquire 
more corre6l ideas in a few months than could be 
attained in a v hole life without fuch exercife. In 
uword, thefe Copy- Books, and the other W'orksof 
the fame Author, drip this fcience of all difficulty 
ormydery, and place it in all feminaries on a Me\ 
with the Arts of Reading and Writing, and with 
the Elements of Grammar and Arithmetic, 

The SCHOOL ATLAS, or Key to Goldfmith's 
Geographical Copy Books; containing the fame 
fifteen maps, finidied and neatly coloured, as ex- 
amples to be copied by thofe who fill in the Geo- 
graphical Copy Books. 

Independently of the utility of this fort of maps 
in their connexion with the Geographical Copy 
Books, it forms the cheaped as well as the neatell 
School. Atlas, which has yet been prcfented to the 
Public, and it podeiTes the advantage of ancient^ 
as well as modern mav^a. Price 5s. in boards. 

The HISTORY o^ S¥.\Y,^'\X.>JO\3BL of the 
moa remarkable and\tvteTe(\i^^^^\t\^\\^\>\iV, 
containing a popular Wev? olV\vt\t CV^^Sttx^^wA. 
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Habit); accomp4med by Anecdotes, chiefly in- 
tended for the Amufement and Inflniftion of 
young Pcrfoiii. ' B/ the Author of ilic Hiliory of 
Britifh DonieftLc Quadrupeds, enlbclliflied with 
twelve beautifully coloured Engravings, price 
Five Shillings, half bound. 

GREGORY'S CTCLOPJEDU. 

The firft day of every month is republifhed, 
part the F'rft, price jos. a Part to be pablilhed 
on EhefirKdayof Ihe fullowing iwelve ni..!irhs, 
till the Work is completed ; or psrfjns who prefer 
it mav have the Work complete' in two large vo- 
lumes' in Quarto. ilK.arated with one hunditd 
and fifty Engravings, price 61. 6s. in boards, or 
61. i6s, 6d. handfoniely bound, aNEWCYCLO. 
PEDIA, or compendious Dictionary o: Arts and 
Sciences, including every mod-^rn Difci vcvv, and 
the Slate of every branch of Human K.iowkdj.e. 
at th; commencement of the prefcnl year. By G. 
Gregory.D.D- Doctor in Pliilofophy and the Arts, 
and honorarv Member uf the Imperial Univerlity 
of Wilna i Member of the Manchefter and New'- 
caftle Literary and Phiiofophical Socieliesi hono- 
rary Member of the iloard of Agncultuie; do- 
meftic Chaplain to the Bilhop of I.landaff i View 
of Well Ham; Author of ElTayi Hiftorical and 
Moral, the Economy of Nature, &c. 

The following are the immejiaie advantages of 

Firft, It exhibits a compendium of jH human 
knowledge, the more luminous because clejred of 
all extraneous matter; practical rather than fpe- 
culativei and particular attention has been paid in 
it CO the molt ufeful branches. 

Second, It is of a convenient and comparatively 
portable fizc, calculated to lie on the table of eveiy 
Audious perfoii, ai a book of conllxivc cefut^NE.c 

Third, Itisfrinted fo ai to COTY<i^^tt™i.Vv.V\^s» 
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Quarto edrlions of Johnfon's Dictionary ; and xini 
polTcflbrs of both works will thus h^vc, infoiir4to< 
volumes, and at a moderate expence, all the literary 
aid which the Englifli ftudent or reader can re- 
quire. 

Fourth, It is neatly printed in a new and elegant 
type, on fuperfine yellow wove paper, and the 
copper-plates have been engraved chiefly from 
original drawings, by thefirii anifts, and aie equal 
to any plates ever given to the public in a work 
of this nature. 



BELSTi.'tisrs msTonr of i:xglj.yd. 

In monthly volumes. The Hillory of England, 
from the Revolution in 1688, to the P<:ace of 
Amiens in 1802. 

The Public s.re refpeflfully informed, that a 
new, uniform, enlarged, and revifed Edition if 
now publifiiing, in twelve Monthly Volumes, each 
cmbelliflied with a beautiful Portrait^ of" 
MR. BELSHAMs HISTORY OF GREAT 
BRITAIN, from the Period when Mr. Hume's 
Hiftory terminated, to the Year 1802, forming, 
with that Work, the only complete and refpeftable 
Series of En^liih Hiftory extant. 

This Edition has been improved and correflcd 
throughout, and has been illuftrated by Appen- 
dixes to each Volume, confiding of State Papers^ 
Authorities, and Official Documents. 

The entire Work, thus revifed, improved, en- 
larged, and cmbelliftied, will be completed ia 
twelve large Volumes, price Six Guineas in boards^ 
or any Volume may be had feparatcly, price Haif- 
a-Guinea in boards, of all Bookfellers and Dealers 
in Books. 

Persons who are poflefled of Hume, with Smof* 
let*s Continuation to the Death of George the 
Second f may have ^dfti^tcC^ Hiftory of George 
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the Third feparately, in eight Volumes, prige Four 
Guineas in boards. 

Vol. }f From the Revolution to the Treaty of 
Partition, and the Landing of King 
William. 

Vol.2, To the Death ot Queen Anne. 

Vol. 3, To the Death ot Queen Caroline. 

Vol. 4, To the Death of George 11. 

Vol. 5, To the Death of the Princefs Dowaget 
of Wales. 

Vol.6, To the Trial of Admiral Keppel. 

Vol. 7-, To the Difmillion of the Coalition MU 
niftry. 

Vol. 8, To the Death of Louis XVL 

Vol. 9, To the Return of the Duke of York's 
Army from the Continent. 

Vol. 10, To the Victory at Aboukir. 

Vol. II, To the Battle of Marengo. 

Vol. 12. To the Ratification of the Treaty of 
Amiens. 

Independently of the acknowledged merit of 
Mr. Benham*s Hiftory as a Workof unqueftionablv 
fidelity, it claims the cfpecial notice of the public, ., 
as being the only Hiftory of England by a fingle 
writer, which cpntinucs the Hiftory of Mr. Hume, 
with uniform fpirit and ability', to the prefent time. 

Various have been the expedients to complete 
the series of our National Hiltory; Smollet*s gene- 
ral Work has been garbled and mutilated, with a 
view to fupplyacontinuaiionof Hume, to the death 
of George the Second; but the partiality and de- 
fefls of SmoUet as an hiftorian have long been a 
juft fubje6t of complaint, and fuch a Wotk as 
Mr. Bel{ham*s has, for many years, been among 
the principal literary defiderata. The laft Edition 
has been in many parts entirely re-written with that 
ilii£t fpirit of political moderation, which ought 
filways to characleriic (laudaY^i vivixVs vil \X\^'^\^» 

Pcrfons, however, who ;)x^ ^^SSl^^^.^ ^^"^ "^ 
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Hume and Smollett, maypurchafe fenaratrly Mr. 
Belfliam's ^^iftofy of the Reign of George lifi 
Thini, in eight Volumes, and thus conipletc their 
series to the Peace oi Amiens; or thoie who are 
poflVfred ot Mr. Hume's Hiftorjr only, may, by the 
purchale of Mr. Belfham^s entire Work, complete 
an uninterrupted and uriform feries of purHiftoryi 
from the earlieft records to the year iSoa. ' 

CLASSK'AL ENGLISI. POKTRY ; being a 
choice colle6lion ot Three Hundred of the betf fhort 
pieces of the various En^lifb Poets, containing 
nearly Twenty Ihoufand Lmes, and a preliminary 
Dillertation on the Nature and Recitation of Poetry. 
By Dr. Mavor and Mr Frait. One Edition oh 
fuperfine Urge paper, elegantly printed, price 
Fight Shillings in boards, and the other neatly 
prijitfd on final ler paper, price Five Shillings and 
Sixpencf' I ounJ, ior Schools. 

The i.KlTiS^i TOURIST, or TRAVEI- 
LEf^ 's C.OM[^ANION, through England, Wales, 
Scotland, iuri Irlind, including accurate Defo.ip. 
tif'ns of every y-'^vt of the United Kingdom, and 
coniprehcnding the mod celebrated modern Tours 
thr I'.^h evt'iy part of the Britifli lilandi, particu- 
Lirly thofe < t Pennant, Twifs, Wyndham, Johnfon, 
liutcliinfon Bray, Sullivan, Young, Shaw, Ne\\tc, 
Hoirell,Moritz,Robertfon,Skrine, Grant, Holmes, 
St. Fond, Barber, Bingley, Carr, &c With fe* 
ver. I recent Tours, communicated to the Kditor 
by inielligent friends. By William Mavor, LL.D. 
Re61or ot Stonesficld, Vicar of Hurley, &c. &c. 
Infix elegar.i Volumes, royal i8mo. ill uitrated with 
Maj.*., the third Edition, much improved and en- 
Jijr«;t:d, price One Guinea and a Half in boards, or 
Thirtv-fix Shillings i.eatly bound. 

GILBLAS DE SANTlLi.ANA, a Novel, by 

A. R. IE SAGE, newly tranflated from the lafi 

J^aris Editions, by Viatutv ^mart. In four elegant 

Foie/nxs, poft otla^o, iWM^x^N&^Vi^i Qi«. Hundred 
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J£ngraviogs, from defigns of French andSpsuiilh 
Artifts, price Two Guineas and a Half in boards^ 
accompanied by proof impreflions of the plates; 
or on royal iS mo; with the fame number of plates, 
4)rice Twenty-eight Shillings in boards. 

No apology can be requifite for prefenting to 
the Public a new, improved, andchafte TranAation 
of a Novel, which is allowed by Critics of all Na. 
tions, to be the bed that ever was wntten; but 
which has hitherto been debafed in England by 
coarfe and vulgar Tranilations. Tfie One Hun- 
dred Defigns which accompany the Text, are pro-. 
du6lions of correfponding fpirit and intered, and 
they give to this Edition a feature of beauty and 
elegance, which is unrivalled byany exiiling Book 
in tlie Englifh Language. 



MODERN VOYAGES S^ TRAVELS. 

No perfon of ordinary intelligence can require 
to be informed, that the moft recent Voyages and 
Travels neceflarily fuperfede all previous works 
which convey the fame kind of information rela- 
tive to the fame countries : and that accounts of 
old Voyages and Travels are of no ufe, except 
as books of anecdote. and adventures. It is there- 
fore extraordinary that, although we have many 
works which defcribe antiquated and obfoleteVoy* 
ages and Travels, from Mandeville and Colum- 
bus down to Anfon and ThicknefTe, yet till the 
prefent work, there exifted no common depofi to ry 
of the obfervations and difcoveriesof Contempo. 
RARY VoTAGERs and TRAVELLERS, and the pub- 
lic were confequently kept ina date of comparative 
ignorance relative to the prefent condition of Fo- 
reign Countries. Erery year produces in Bng. 
land, France, Germany, Spain, Italyi o« H-N^^-a.^ 
fome new Voyages and Ti^Ne\^ \xv ^^xv^^\ >J^^ 
\Vorld little known, and CQrA^^>3t^v\\i ^^ ^^^^ 
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intercft. To publifh all thcfe feparately, has been 
found to be an infupportable tax on the purfe of 
the Lovers of Literature, and confequently a Ipe- 
culation ruinous to Bookfellers. The prefent 
Work has, therefore, been undertaken with a 
Yiew to convey to the public, and to young per- 
fons in particular, the information and the difco. 
vcries of all Modern Voyagers and Travellers in a 
convenient form and at a moderate ex pence. The 
defign muft be acknowledged to beufeful and pa- 
triotic ; and it will be very obvious that no Lite- 
rary Undertaking can poCTefs Wronger claims on 
the curiofity and patronage of the Public. 

On the firft day of every Month is publifhed a 
Half-crown Number, and on every Sixth Month 
IS completed a fifteen-fhilling volume, illuflrated 
with numerous Plates, Maps, Plans, &c. &c. of 

A COLLECTION OF MODERN AND CONTEM- 
PORARY VOYAGES AND TRAVELS; 

CONSISTING 

1. Of Tranflations of new Voyages and Travels 
from foreign languages : 

2. Of Voyages and Travels never before pub- 
lifhed, and printed from original manufcripts: and 

3. Of Analyfes of Voyages and Travels publifh- 
ed in England. 

Six volumes have been completed of this un^ 
iiniihed work, illuflrated with numerous views, 
inaps. Sec. Price 15s. each in boards. 

Each volume of the Voyages and Travels con- 
tains the following new W^orks, illuflrated by nu- 
merous maps and plates. 

VOL. I. 

t, CafTa's Travels in IflriaandDalmatia. 

:2. Kuttner's Travels in Denmark, Sweden, &c. 
*5. Michaux'8TraveU\tv"t^ot\\\ K\ftfcx\c*. 
4, An Itinerary fvoT!>l.otvdoiv\oCcktv^^xv>L\\\tk^€;. 
c, ^nalyfis of thel5%tT^t\ve^^ x\\^^v\^«vcv^^.^\ 
Captain David •WoodN'i^T^^ ^tA. ^Q>ax \k%. 
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men on (hr iriand of Celebis. 
;. Analylis of Kotzebuc'i Journey from Berlin 

, . Tuckey'i Voyage to New Soutli 

Wales. 

TOL. II. 

. OlalTen and Polvenfon'i Travel* iji Iceland. 
, St. Vincent's Voyage to the principal Ifland* 

in the African Seas. 
. Gleanings of a Wanderer In Tariout parti of 

* England, Scotland, <tnd Walei. 
. Analyfis of Holcroft') Travels from Hatfi. 
burgh to Parts- 

VOL. III. 

. Pouquevillc's Travels through Morea, AU 
bania, and other parts of the Ottoman 
Empire, to Conftantinople, during the 
years 1798 to iSoi. 

. Mangourit's Travels in Hanover, during th« 
years 1803 and 4. 

. Fischer's Letien, written during a Journey 



Spain and Portugal. 
J. Journal of a Tour in Ireland, &c. &C. 
6. Analyfi* of Sir J. Cart's Travels round the 



I Voyage 



Jepon's 
\Tour 



o Senegal. 



n Wales, and through fcveral coun- 
ties of England, including both the Uni- 
ver/ities. 
. Analyfii of Kotzebue'i Travel) tbro'ugh 
Italy, during the years itQ<^-^. 
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very to the North Eaft ©f Siberia, the F>i 
zen Ocean, and the North Eaft Sea. 
a. Reuilly's Travels in the Crimea, and th 
(hores of the Black Sea. 

3. Fifcher's Travels to Hyeres, in the foutho 

France, in the fpring of 1806 . 

4. A Tour through the Ifland of Rugen in th 

Baltic. 

5. Helms* Travels from Buenos Ayres, by Pc 

toCif to Lima. 

6 . Ah Account of a voyage to India, China, Ba 

in his Majefty's fhip Caroline. 

7. Analyfis of Sir John Carr's Stranger in Ire 

land, during the year 1 805. 

VOL. VI. 

1. Du Lac's Travels through LouiHana. 

2. Waring'sTourtoShecraz. 

3. Sarytchew's Voyage to Siberia, &c. vol. i. 

4. Reinbeck's Travels from St. Peterft)urgh ( 

Germany. 

5. Lewis and Clarke's Travels in the Interic 

of North Arnica, 

6. Spillbury's Voyage to the Coaft of Africa. 




W. Flint; Printer, 
Old Bailer. 



